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THE 


PHILOSOPHICAL  MAGAZINE. 


OCTOBER  1800. 


I.  Thoughts  on  Colouring ,  and  particularly  with  a  RetrofpeB 
to  the  Method  ufed  by  the  Venetians  in  the  Mechanical  Part 
of  the  Art ,  and  to  their  Method  of  Arranging  the  Tints . 

A  theory  founded  on  experiment,  and  not  affumed,  is  always  good 
for  fo  much  as  it  explains*  Burke. 

SIR* 

c 

OINCE  I  troubled  you  with  a  paper  on  the  fubjeCt  of 
Venetian  colouring  *,  I  have  paid  particular  attention  ta 
fuch  pictures  of  that  fchool  as  have  occafionally  come  under 
my  notice,  and,  in  my  inquiry,  I  have  been  much  aided  by 
thofe  in  the  Orleans  collection ;  but,  from  all  the  obfervations 
I  have  been  able  to  make,  I  cannot  help  concluding  that 
they  never  thought  of  the  abforbent  ground,  on  which  I 
made  Tome  remarks  in  my  laft,  and  that  the  dark  red  ground 
never  formed  a  part  of  the  picture.  Thofe  conclufions  I  feel, 
authorifed  in  making  from  the  general  tendency  in  the  ab¬ 
forbent  grounds  to  produce  a  hardnefs,  a  thing  never  oc¬ 
curring  in  the  pictures  of  the  Venetians ;  and  that  the  ground 
never  entered  into  part  of  their  pictures  is  evident  from  their 
being  painted  folid  throughout,  and  the  Jhadows  glazed  on  a 
body  of  colour .  I  {hall,  with  a  view  further  to  illuftrate  the 
lubjeCt,  introduce  (occafionally  as  quotations)  fuch  remarks 
on  colouring  as  I  made  in  my  catalogue  immediately  on 
my  viewing  the  pictures  in  the  collection  above  alluded  to. 

*  See  Vol.  IV. 

Vol.  VIII.  B  2  On 


/ 


4  Thoughts  on  Colouring . 

On  looking  into  the  Venetian  pictures  (particularly  thofe  of 
Titian  and  Paul  Veronefe),  I  found  that  they  had  all  been 
prepared  with  colder  colours  than  the  fmifhing  ones,  and  that 
there  was  one  general  colour  which  prevailed  throughout  the 
fhadows;  this  obfervation  induced  me  to  make. the  following 
remark :  “  the  Venetians  appear  to  have  prepared  their  pic¬ 
tures  in  the  flefh,  arid  its  fhadow  and  draperies,  in  a  colder 
ftate,  and  glazed  or  fcumbled  them  with  warmer  colours.” 

One  of  the  greateft  confiderations  with  the  artift  is  to  ac¬ 
quire  the  true  tone  of  the  fhadow  and  its  dinfy  fhadow ;  to 
do  this  he  mud  ufe  fuch  colours  as  will  mofl  readily  fympa- 
thife  with  each  other  in  mixing  :  to  this  end  it  will  be  found 
that  ivory  black,  Indian  red,  and  white,  will  form  the  beft 
general  fhadow  colour,  which  may  in  the  flefh  be  improved 
with  vermilion  in  the  reflections.  The  ivory  black,  and 
white,  improved  with  lake,  produces  a  mod  beautiful  pearly 
demi-tint  for  delicate  flefh,  and  at  the  fame  time  one  of  the 
trueft  and  moll  clean  that  can  be  acquired.  Ivory  black 
with  Indian  red,  or  lake,  glazes  finely,  and  may  be  highly 
improved,  when  dry,  with  brown  pink,  or  afphaltum,  ufed. 
with  drying  oil.  This  is  very  like  the  method  I  formerly 
mentioned  *,  as  praCtifed  by  that  great  man  Sir  Jofhua  Rey¬ 
nolds,  to  acquire  his  fhadows,  and  whofe  method  of  colour¬ 
ing  was  truly  Venetian,  accompanied  with  a  chiaro  fcuro 
they  were  flrangers  to,  and  a  tafle  in  his  portraits  unexam¬ 
pled.  Thofe  who  choofe  to  try,  will  find  their  advantage  in 
making  the  fhadow  colour  of  ivory  black,  vermilion,  and 
white  (as  mentioned  in  Vol.  IV.),  which  will  work  cleaner 
than  any  other  combination ;  and  which  colours,  with  the 
addition  of  burnt  ochre  in  dark  complexions,  and  yellow 
ochre  in  the  lights,  will  be  quite  fufficient  for  all  the  pur- 
pofes  in  flefh  for  firfl  and  fecond  colouring,  or  till  the  draw¬ 
ing  is  fixed  ;  the  whole  being  afterwards  finifhed  by  glazing, 
to  give  depth  to  the  fhadows,  and  enrich  and  improve  the 
colouring.  Tintoret  appears  to  have  forwarded  his  pictures 
to  nearly  their  full  effect,  with  a  pearly  colour  of  black,  reef, 
and  white,  and  to  have  acquired  all  his  tints  by  glazing  with 
a  pure  tranfparent  colour,  invariably  leaving  the  lights  white 


*  See  Vol.  IV. 
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to  give  them  brilliancy :  Titian,  on  the  contrary,  dead-co¬ 
loured  as  near  nature  as  poffihle ,  only  enriching  his  colours 
by  glazing,  and  keeping  the  fhadows  as  near  of  a  tone  as 
poflible.  The  abfurditv  of  uftng  dark  grounds  muft  be  ob¬ 
vious  to  every  one  who  has  had  the  lead  pradtice,  from  the 
tendency  in  the  white,  and  all  the  lighter  tints,  to  link  into 
the  ground  ;  which  accounts  for  the  darknefs  of  many  of 
the  old  pictures,  and  more  efpecially  thofe  that  have  been 
painted  thin.  However  delirable  it  may  be  to  have  one’s 
pictures  well  coloured,  its  prefence  will  by  no  means  com- 
penfate  for  the  lofs  of  dignity  of  competition,  accuracy  of 
drawing  or  breadths :  he  that  is  content  to  pleafe  by  the 
iilufion  of  colour,  or  that  hatters  the  eye  by  an  induftrious 
difplay  of  tints,  muft  not  expert  to  rank  high  in  the  art. 

“  Mind,  mind  alone,  (bear  witnefs  Earth  and  Heav’n!) 

“  The  living  fountains  in  itielf  contains 

*l  Of  beauteous  and  fublime  :  here  hand  in  hand 

**  Sit  paramount  the  Graces.”  AkensidS', 

I  have  often  been  led  to  think  that  the  exquilite  clearnefs 
ohfervable  in  fome  of  the  pictures  of  Rubens,  arifes  at  this 
tinre  (in  a  great  degree)  from  his  having  painted  them  011 
white,  or,  at  any  rate,  light  grounds  ;  the  advantage  of  which; 
will  be  obvious  to  any  one  that  choofes  to  try  the  following 
experiment;  that  is,  to  fpread  any  light  colour  (as  a  flelh 
colour  for  inltance)  on  a  ground  prepared  half  white  and 
half  dark ;  in  the  courfe  of  two  or  three  days,  that  on  the 
white  ground  will  appear  clear,  while  the  latter  will  have; 
funk  many  degrees  into  the  under  dark  colour. .  Another 
advantage  attending  a  light  ground  is,  that  the  picture  is  not* 
fo  liable  to  hednjured  by  cleaning,  not  .to  mention  its  wear-  • 
mg  Tetter:  two  of  the  fine  ft’ .pictures,  by  Titian,  in  the  Or-- 
leans  collection  (Diana  and  Adteon,  and  Diana  and  Califto), 
bear  ftrong  teftimony  to  the  truth  of  the  above  oblervation; 
the  former  being  in  fine  prefervation,  owing  to  its  having 
been  painted  with  a  great  body  of  colour ;  while  the  latter 
having  only  a  thin  coat,  the  dark  red  ground  appears 
through  the  flefb,  to  its  irreparable  injury.  This  evil  would 
in.  a  great  .mcature  have  been,  avoided,  had  the  ground  been 

light  j. 


6  Thoughts  On  Colouring . 

light;  and  it  is  evident  that  the  ground  was  not  intended  t& 
make  the  lead  part  of  the  effedl  in  the  picture  originally,  as 
the  thinriefs  in  the  colour  above  alluded  to,  looks  as  if  owing 
to  accident,  and  the  hafte  of  a  man  who  could  fell  all  the 
pictures  he  painted. 

I  have  already  mentioned  that  the  bed;  general  fhadow 
colour  is  ivory  black,  &c.  which,  if  the  lights  and  middle 
tints  are  coloured  as  near  nature  as  poffible,  may  be  enriched 
by  glazing;  or  the  glazing  may  be  done  on  the  middle  tints, 
and  the  lights  of  one  general  hue  laid  on  them,  which  ap* 
pears  at  times  to  have  been  the  practice  of  Titian.  The  fol¬ 
lowing  remark  on  the  pidlure  of  Diana  and  Califlo,  may 
ferve  as  a  further  illuftration  u  There  appears  to  be  yellow 
in  all  the  lights,  even  the  blue;  I  therefore  infer,  that  they 
confidered  the  light  as  giving  a  colour,  or  of  changing,  in  a 
final!  degree,  the  local  colour  of  the  objedls,  and  that  their 
principle  ot  colouring  was  thus  :  the  lights  on  the  objects  par* 
took  of  the  colour  of  the  light ,  the  middle  tints  gave  the  local 
colour ,  and  the  fhadows  warm,  and  pretty  much  of  one  hue.3> 
A  picture  painted  on  the  above  plan,  will  have  a  harmonious 
and  pleafant  effect. 

I  wifh  the  artifts  of  any  eminence  would  communicate  the 
rcful t  of  their  practice ;  much  good  would  arife  from  iti 
Fine  writing  is  not  a  neceffary  requifite;  for,  in  matters  in¬ 
tended  to  inftrudt,  clearnefs  will  more  than  compenfate  for 
want  of  elegance :  fuch  a  conduct  would  contribute  to  re¬ 
move  many  of  the  practical  difficulties  the  Undent  labours 
tinder ;  an  inconvenience  I  myfelf  have  greatly  felt. 

It  is  very  rarely  that  you  fee  a  diflindt  or  whole  colour  in 
the  Venetian  pictures ;  as  their  blues  feldom  go  beyond  a 
violet,  and  the  reds,  a  crimfon.  ct  In  all  the  pictures  in  the 
room  (Orleans  Colledtion)  by  this  mailer  (Titian),  no  one 
decifive  colour  is  to  be  feen,  as  they  are  all  broken  to  corre- 
fpond  with  each  other:  that  is,  the  red  are  broken  with  yel¬ 
low,  yellows  with  red,  and  fo  on.  He  appears  to  have  been 
particularly  careful  not  to  introduce  blue  or  cold  colours, 
and,  when  they  do  occur,  it  is  only  in  fmall  quantities.” 

I  would  by  no  means  have  it  underflood  that  I  wifh  to 
tie  the  artifl  down  to  a  particular  manner  of  colouring;  one 
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©f  our  profeffional  evils  is  looking  too  much  to  art  for  its  rules; 
but  I  believe  a  great  fource  of  the  pleafure  derived  from  the 
fight  of  the  Venetian  pi&ures,  is  their  comfortable  warm 
mafies :  great  caution  however  will  be  required  to  diftinguifh 
between  a  glowing  and  a  glaring  colour;  as  we  are  apt  to  ad¬ 
mire  what  is  fhowy,  before  we  can  dillinguifh  what  is  beau¬ 
tiful.  I  have  frequently  had  occafion  to  remark  the  fatisfac- 
tion  exprefled  by  the  fpe&ators  on  viewing  a  warmly  coloured 
pi&ure,  and  the  degree  of  comfort  it  has  appeared  to  impart: 
this  has  frequently  led  me  to  reflea  on  the  application  of 
co  our  to  medical  purpofes,  as  in  the  ague  Or  fever,  or  how 
much  the  mind  might  be  tranquilifed  by  the  room  being  of 
a  particular  colour;  every  one  is  fenfible  of  the  efTe#  of  that 
beautiful  amber-coloured  light  that  at  times  prevails  on  our 

fummer  s  evenings,  and  which  is  fo  highly  congenial  to  health 
and  life 

In  all  cafes  the  good  fenfe  of  the  artift  mult  be  ufed,  for 
the  colouring  that  fuits  one  fubjeft  will  not  agree  with  an¬ 
other;  moft  of  the  Venetian  pi&ures  that  I  have  feen,  have 
been  of  the  pleafing  or  ornamental  call;,  which  require  more 
decoration  of  colour  than  the  higher  walks  of  hiflory,  but  I 
have  never  been  able  to  prevail  on  myfelf  to  believe  the  moft  / 
fublime  fubje<ft  would  be  hurt  by  grouping  the  colours.  It 
would  be  worth  inquiring  how  far  the  fainter  might  be  be¬ 
nefited  (as  the  poet  certainly  is)  by  confidering  colours  as 
indicative  of  the  paflions,  and  applying  them  accordingly : 

the  fiery  reds  convey  the  idea  of  anger,  and  in  this  fenfe  are 
«ften  ufed : 

ic  Should  intermitted  vengeance  arm  again 

u  His  red  right  hand  to  plague  us  ?  Milton. 

*  T1*e  faft  !t  is  ufed  medically,  as  in  the  cafe  of  weak  eyes,  but  no* 
on  fo  extenfive  a  plan  as  it  might  be ;  for  inftance,  if  the  walls  of  the 
chambers  where  infane  people  are  confined  were  to  be  plaftered  to  an  uni- 
pim  furface,  and  coloured  of  a  {till  green,  as  near  the  tranquil  colour  of 
gra  s  as  polfible,  jt  is  probable  it  would  contribute  to  compofe  the  fpirits ; 
mftead  of  which  the  fight  is  diftrafted,  and  in  all  probability  the  mind  fet 
tp  work  in  decyphering  the  fiffures  and  irregularities  in  their  furrounding 
°  vva^s’  which  may  ultimately  end  in  provoking  that  propenfity  to. 
wards  drawing  expreffed  by  many  unfortunate  people. 


Addifoxa 
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Addifon,  in  his  Cato,  heightens  his  figure  by  u  red  with 
uncommon  wrath  V  Gray  and  the  foft  green  convey  the 
idea  of  tranquillity ;  and  the  dark  blue  gray,  and  biowfo,  of 
forrow  and  melancholy  r 

t( - - mf  goddefs,  bring, 

“  To  arched  walks  of  twilight  groves, 

“■-And  fhadows  brown,  that  Sylvan  loves, 

“  Of  pine - •  •  Miltons  II  Pi.nfcrofo* 

Mellow  tones  ever  afifociate  with  gentle,  and  fharp  ones* 
with  violent,  emotions. 

In  the  practice  of  glazing,  the  lefs  oil  is  ufed  the  better;  if 
the  part  is  rubbed  out,  and  wiped  dry  with  a  filk  rag  (an  old 
filk  handkerchief  is  good,  but  a  piece  of  wafh  leather  does 
bed),  then  the  colour  fhoukl  be  driven  as  much  as  poffible 
and  often  repeated  if  neceffary,  except  it  ffiould  be  a  colour 
that  requires  drying  oil :  and,  I  believe,  on  moil  occafions,  if 
the  part  is  hard,  drying  oil  and  turpentine,  in  equal  parts* 
will  be  found  as  good  a  vehicle  as  any.  In  what  the  artift 
terms  fcumhlmg,  or  iffing  an  opaque  colour  thin,  it  fhoukj 
be  driven  with  a.  {tiff  pencil,  and  as  little  oil  as  poffible. 

As  a  conclufion  to  the  prefent  paper,  I  {hail  add  the  fum 
of  my  remarks  on  the  Venetian  pictures  in  the  Orleans  col-* 
lection  : — cc  From  the  pictures  of  Titian  and  Paul  Veronefe 
1  judge  they  were  particularly  careful  to  group  the  warm 
colours ;  to  avoid  the  ufe  of  blue  and  cold  ones ;  never  t& 
fuffer  them  to  interrupt  the  principal  mafs  of  light ,  which 
with  them  is  always  compofed  of  warm  colours that  the  cold 
colours  were  fpadngly  introduced  for  the  purpofe  of  fupport- 
ing  the.  blue  in  the  fky  or  diftance,  as  in  No.  123,  240,  249  % 
and  never  on  the  principal  objsff.  In  many  of  their  pictures 
there  is  a  total  exclufion  of  the  cold  colours,  as  in  169  and 
18 1  ;  in  others,  where  the  colours  of  the  objects  are  all 
warm,  the  fkies  are  broken  either  with  warm  purple  clouds, 
or  the  blue  of  the  element  reduced  to  gray,  as  in  49,  21 1, 

,  h 

123,  Holy  family  in  a  landfcape,  Titian  ;  240,  Diana  and  A6teon, 
Titian;  and  249,  Diana  and  Califto,  Titian  3  169,  an  Allegory;  anet 
»Si,  a  ditto,  Paul  Veronefe. 
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220*;  their  fhadows  prepared  with  a  gray  or  pearly  colour, 
enriched  with  glazing :  their  draperies  glazed ;  flefli  glazed, 
and  fcumbled  with  rich  virgin  tints;  and  the  whole  harmo- 
nifed  by  the  high  lights  being  touched  on  with  a  warm  yel¬ 
low  colour,  nearly  of  the  tone  of  the  high  lights  of  the  fleih, 
as  in  remark  on  No.  249  f.”  I  cannot  help  adding,  there 
were  not  any  pictures  in  the  Orleans  collection  which  (in 
•point  of  colour)  looked  fo  agreeable  as  the  Venetian,  owing 
to  their  principal  mafs  of  colour  being  invariably  warm  y 
wherever  the  contrary  occurred,  the  effeCt  on  the  eye  was 
unpleafant ;  as  alfo  when  the  great  mafs  was  difturbed  by  the 
intervention  of  a  cold  colour. 

I  remain,  Sir,  your  humble  fervant, 

E.  DA  YES. 

Francis-ftreet, 

April  11,  1800. 

The  Editor  of  the  Ehilofophical  Magazine . 


II.  Experiments  on  the  Refrangibllity  of  the  invifibie  Rays  of 
the  Sun.  William  Herschel,  LL.D.F.RS.% 

In  that  feCtion  of  mv  former  paper  which  treats  of  radiant 
heat,  it  was  hinted,  though  from  imperfed  experiments, 
that  the  range  of  its  refrangibllity  is  probably  more  extenfive 
than  that  of  the  prifmatic  colours;  but,  having  lately  had 
fame  favourable  funfhine,  and  obtained  a  fufficient  confirm¬ 
ation  of  the  fame,  it  will  be  proper  to  add  the  following  ex¬ 
periments  to  thofe  which  have  been  given  : — • 

I  provided  a  fmall  Hand,  with  four  Ihort  legs,  and  covered 
it  with  white  paper  §.  On  this  I  drew  five  lines,  parallel  to 
one  end  of  the  (land,  at  half  an  inch  diftance  from  each 

other,  but  fo  that  the  firfl:  of  the  lines  might  only  be  ^  of  arj 

% 

*  249.,  Verms  riling  from  the  lea,  Titian;  211,  the  education  of 
Cupid,  Titian;  220,  Europa,  Titian, 
f  Diana  and  Califto,  Titian. 

X  From  the  TranJ'aflions  of  tke  Royal  Society  for  1800. 

§  See  Plate  I.  fig.  2, 
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inch  from  the  edge.  Thefe  lines  I  interfered  at  right  angles 
with  three  others ;  the  fecond  and  third  whereof  were,  re- 
fpedlively,  at  2\  and  at  4  inches  from  the  firft. 

The  fame  thermometers  that  have  before  been  marked 
No.  1,  2,  and  3,  mounted  upon  their  fmall  inclined  planes, 
were  then  placed  fo  as  to  have  the  centres  of  the  {hadow  of 
their  balls  thrown  on  the  interfedtion  of  thefe  lines.  Now, 
fetting  my  little  ftand  upon  a  table,  I  caufed  the  prifmatic 
jpedtrum  to  fall  with  its  extreme  colour  upon  the  edge  of 
the  paper,  fo  that  none  might  advance  beyond  the  firft  line. 
In  this  arrangement,  all  the  fpedtrum,  except  the  vanifhing 
laft  quarter  of  an  inch,  which  ferved  as  a  diredlion,  pafted 
down  by  the  edge  of  the  ftand,  and  could  not  interfere  with 
the  experiments.  I  had  alio  now  ufed  the  precaution  of 
darkening  the  window  in  which  the  prifm  was  placed,  by 
fixing  up  a  thick  dark  green  curtain,  to  keep  out  as  much 
light  as  convenient. 

The  thermometers  being  perfectly  fettled  at  the  tempera¬ 
ture  of  the  room,  I  placed  the  ftand  fo  that  part  of  the  red 
colour,  refracted  by  the  prifm,  fell  on  the  edge  of  the  paper, 
before  the  thermometer  No.  1,  and  about  half  way,  or  1^ 
inch,  towards  the  fecond :  it  confequently  did  not  come  be¬ 
fore  that,  or  the  third  thermometer,  both  which  were  to  be 
my  ftandards.  During  the  experiment,  I  kept  the  laft  ter¬ 
mination  of  vifible  red  carefully  to  the  firft  line,  as  a  limit 
affigned  to  it,  by  gently  moving  the  ftand  when  required; 
and  found  the  thermometers,  which  were  all  placed  on  the 


fecond  line, 

affedfed 

as  follows 

• 

• 

No.  1. 

No.  2. 

No.  3. 

Here  the  thermometer  No.  1 

45 

45 

44 

rofe  6~  degrees  in  10  mi- 

49 

45 

44 

>  nutes,  when  its  centre  was 

51 

44  i 

44 

placed  f  inch  beyond  vi¬ 

43  i 

43  i  J 

fible  light. 

In  order  to  have  a  confirmation  of  this  fadt,  I  cooled  the 
thermometer  No.  1,  and  placed  No.  2  in  the  room  of  it: 
I  alfo  put  No.  3  in  the  place  of  No.  2,  and  No.  1  in  that  of 
No.  3  ;  and,  having  expofed  them  as  before,  arranged  on  the 
fecond  line,  I  had  the  following  refult; 
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No.  2. 

No.  3. 

No.  i.-j 

44 

44 

45 

47 

44 

45  > 

4^ 

44 

45 

44 

45  J 

Here  the  thermometer  No.  2 
rofe  2 1  degrees  in  12  mi?* 
nutes ;  and  being,  as  has 
been  noticed  before,  much 
more  fenfible  than  No.  1, 


it  came  to  the  temperature  of  its  fituation  a  fhort  time ;  but 
I  left  it  expofed  longer,  on  purpofe  to  be  perfeClly  allured 
of  the  refult.  Its  fhowing  but  degrees  advance,  when 


No.  1  fhowed  has  alfo  been  accounted  for  before. 

It  being  now  evident  that  there  was  a  refraction  of  rays 
coming  from  the  fun,  which,  though  not  fit  for  vifion,  were 
yet  highly  invefted  with  a  power  of  occafioning  heat,  I  pro¬ 
ceeded  to  examine  its  extent  as  follows : 


The  thermometers  were  arranged  on  the  third  line  inftead 
of  the  fecond ;  and  the  hand  was,  as  before,  immerfed  up  to 
the  firft,  in  the  coloured  margin  of  the  vanifhing  red  rays. 


The  refult 

was  thus : 

• 

No.  T. 

No.  2. 

No.  2.^ 

Here  the  thermometer  No.  i, 

46 

46 

4  5l 

|  rofe  54  degrees  in  13  mi- 

5° 

46  i 

46 

>  nutes,  at  1  inch  behind 

5jt 

4  61 

the  vifible  light  of  the  red 

5*i 

47 

461  J 

rays. 

I  placed 

now  the  thermometers  on  the  fourth  line  inftead 

of  the  third;  and, 
refult  : 

proceeding  as  before,  I  had  the  following 

No.  1. 

No.  2. 

No.  3.-1 

Therefore,  the  thermometer 

48i 

48  i 

47  t  ( 

►  No.  1,  rofe  3-i  degree  in 
10  minutes,  at  14-  inch 

S1  i 

48 ! 

47k  J 

beyond  the  vifible  light  of  the  red  rays. 

I  might  now  have  gone  to  the  fifth  line;  but  fo  fine  a  day, 
with  regard  to  clearnefs  of  Iky  and  perfect  calmnefs,  was  not 
to  be  expeCted  often  at  this  time  of  the  year ;  I  therefore 
haltened  to  make  a  trial  of  the  other  extreme  of  the  prifmatic 
fpeCtrum.  This  was  attended  with  fome  difficulty,  as  the 
illumination  of  the  violet  rays  is  fo  feeble,  that  a  precife  ter¬ 
mination  of  it  cannot  be  perceived.  However,  as  well  as 
could  be  judged,  I  placed  the  thermometers  one  inch  be¬ 
yond  the  reach  of  the  violet  rays,  and  found  the  refult  as 
follows : 
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No.  1. 

No.  2. 

No.  3. 

48 

48  ■ 

47 1 

48 

48 

47t 

48 

47i 

47 

48  i 

47  i 

47 

48 

48 

47  t 

No.  1. 

No.  2. 

No.  3. 

48 

48 

47  i 

48  i 

48 

47  i 

48  i 

481 

47  i 

49 

48  r 

47 1 
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Here  the  feveral  indications 
of  the  thermometers,  two 
of  which,  No.  i  and  2, 
were  ufed  as  variable, 
while  the  third  was  kept 
as  the  ftandard,  were  read 

off  during  a  time'that  laded  12  minutes;  but  they  aflord,  as 
may  be  feen  by  infpedtion,  no  ground  for  afcribing  any  of 
their  fmall  changes  to  other  caufes  than  the  accidental  dis¬ 
turbance  which  will  arife  from  the  motion  of  the  air  in  a 
room  where  fome  employment  is  carried  on. 

I  expofed  the  thermometer  now  to  the  line  of  the  very  firfl 
perceptible  violet  light,  but  fo  that  No.  1  and  2  might  again 
be  in  the  illumination,  while  No.  3  remained  a  ftandard. 
The  refult  proved  as  follows  : 

Here  the  thermometer  No.  1 
rofe  1  degree  in  13  mi- 
nutes ;  and  No.  2  role 
%  deegree  in  the  fame 
time. 

__.r  . ....  I  was  now  fufficiently  per- 
fuaded,  that  no  ravs  which  might  fall  bevond  the  violet, 
could  have  any  perceptible  power  either  of  illuminating  or 
of  heating;  and  that  both  thefe  powers  continued  together 
throughout  the  prifmatic  fpeblrum,  and  ended  where  the 
fainted  violet  vani flies. 

A  very  material  point  remained  dill  to  be  determined, 
which  was,  the  dtuation  of  the  maximum  of  the  heating 
power. 

As  I  knew  already  that  it  did  not  lie  on  the  violet  dde  of 
the  red,  I  began  at  the  full  red  colour,  and  expofed  my  ther¬ 
mometers,  arranged  on  a  line,  fo  as  to  have  the  ball  of  No.  1 
in  the  midd  of  its  rays,  while  the  other  two  remained  at  the 
fide,  unaffeHed  by  them. 

o.  2.-\  Here  the  thermometer  No.  I 
rofe  7  degrees  in  10  mi¬ 
nutes,  by  an  expofure  to 
the  full  red  coloured  rays. 

centre  of  the  ball  of  No.  1, 
was  jud  at  the  vanifliing  of  the  red  colour,  fo  that  half  its 
ball  was  within,  and  half  without,  the  vifible  rays  of  the  fun. 

No. 


No.  1. 

No.  2. 

No.  3. 

48;- 

48  i 

48 

55 1 

48 i 

.  4« 

55  i 

48r 

48 
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No.  1. 

No.  2. 

No.  3. 

4^ 

•4*i 

48 

55  r 

48 

57 

49 

48=: 

No.  1. 

No.  2. 

No*  2.-\ 

57 

49 

48  i  1 

5»i 

49  1 

49 

59 

50} 

49 1 

59 

5° 

49r  9 

}Here  the  thermometer  No.  i 
rofe  8  degrees  in  io  mi¬ 
nutes. 

By  way  of  not  lofing  time,  in  order  to  connect  thefe  lad 
obfervations  the  better  together,  I  did  not  bring  back  the 
thermometer  No.  i,  to  the  temperature  of  the  room,  being 
already  well  acquainted  with  its  rate  of  (bowing,  compared 
to  that  of  No.  2,  but  went  on  to  the  next  experiment,  by 
withdrawing;  the  (land.  till  the  whole  ball  of  No.  I  was 
completely  out  of  the  fun’s  vifible  rays,  yet  fo  as  to  bring 
the  termination  of  the  line  of  the  red  colour  as  near  the  out- 
fide  of  the  ball  as  could  be  without  touching  it. 

No*  3.^  Here  the  thermometer  No.  i, 
rofe,  in  io  minutes,  an¬ 
other  degree  higher  than 

O  C 

in  its  former  (ituation  it 
could  be  brought  up  to 
and  was  now  9  degrees  above  the  flandard.  The  ball  of  this 
thermometer,  as  has  been  noticed,  is  exactly  half  an  inch  in 
diameter;  and  its  centre,  therefore,  was  ~  inch  beyond  the 
.  vifible  illumination,  to  which  no  part  of  it  was  expofed. 

It  would  not  have  been  proper  to  compare  thefe  laft  obferv¬ 
ations  with  thofe  taken  at  an  earlier  period  this  morning,  in 

order  to  obtain  a  true  maximum,  as  the  fun  was  now  more 

'  * 

powerful  than  it  had  been  at  that  time ;  for  which  reafon  I 
caufed  the  line  of  termination  of  vifible  light,  now  to  fall 
again  juft  ~  inch  from  the  centre  of  the  ball,  and  had  the 


And  here  the  thermometer 
No.  1,  rofe,  in  16  minutes, 
8 1  degrees,  when  its  cen¬ 
tre  was  \  inch  out  of  the 
vifible  rays  of  the  fun. 


the  difference  is  almoft  too  trifling  to  fuppofe  that  this  latter 
(ituation  of  the  thermometer  was  much  beyond  the  maximum 
of  the  heating  power;  while,  at  the  fame  time,  the  experi¬ 
ment  fufficiently  indicates  that  the  place  inquired  after,  need 
not  be  looked  for  at  a  greater  difiance. 

4  It 


following 

refult : 

No.  1. 

No.  2 

5°i 

5°r 

57  t 

5° 

.581- 

5° 

6H 

5° 

Now,  as 

before  w 

u 


Experiments  on  the  Refrangihility 

It  will  now  be  eafy  to  draw  the  refult  of  thefe  obfervations 
into  a  very  narrow  compafs. 

The  firft  four  experiments  prove  that  there  are  rays  coming 
from  the  fun  which  are  lefs  refrangible  than  any  of  thofe  that 
affe£t  the  fight.  They  are  inverted  with  a  high  power  of 
heating  bodies,  but  with  none  of  illuminating  obje£ls;  and 
this  explains  the  reafon  why  they  have  hitherto  efcaped  un¬ 
noticed. 

My  prefent  intention  is,  not  to  aflign  the  angle  of  theleaft 
refrangihility  belonging  to  thefe  rays,  for  which  purpofe 
more  accurate,  repeated,  and  extended  experiments  are  re¬ 
quired.  But,  at  the  diftance  of  53  inches  from  the  prifm, 
there  was  rtill  a  confiderable  heating  power  exerted  by  our 
Invifible  rays,  one  inch  and  a  half  beyond  the  red  ones, 
meafured  upon  their  proje&ion  on  a  horizontal  plane.  I 
have  no  dpubt  but  that  their  efficacy  may  be  traced  rtill 
fomewhat  further. 

The  fifth  and  fixth  experiments  fhow  that  the  power  of 
heating  is  extended  to  the  utmoft  limits  of  the  vifible  violet 
rays,  but  not  beyond  them  ;  and  that  it  is  gradually  impaired 
as  the  rays  grow  more  refrangible. 

The  four  laft  experiments  prove  that  the  maximum  of  the 
heating  power  is  verted  among  the  invifible  rays,  and  is  pro¬ 
bably  not  lefs  than  half  an  inch  beyond  the  laft  vifible  ones 
when  proje&ed  in  the  manner  before  mentioned.  The  fame 
experiments  alfo  fhow,  that  the  fun’s  invifible  rays,  in  their 
lefs  refrangible  ftate,  and  confiderably  beyond  the  maximum, 
rtill  exert  a  heating  power  fully  equal  to  that  of  red-coloured 
light;  and  that,  confequently,  if  we  may  infer  the  quantity 
of  the  efficient  from  the  effect  produced,  the  invifible  rays  of 
the  fun  probably  far  exceed  the  vifible  ones  in  number. 

To  conclude,  if  we  call  light ,  thofe  rays  which  illuminate 
objects,  and  radiant  heat ,  thofe  which  heat  bodies,  it  may 
be  inquired,  Whether  light  be  efifentially  different  from  ra¬ 
diant  heat  ?  In  anfwer  to  which  I  would  fuggeft,  that  we 
are  not  allowed,  by  the  rules  of  philofophifing,  to  admit  two 
different  caufes  to  explain  certain  effe&s,  if  they  may  be  ac¬ 
counted  for  by  one.  A  beam  of  radiant  heat,  emanating 

from- 


of  the  invifible  Rays  of  the  Sun .  Jg 

from  the  fan,  confids  of  rays  that  are  differently  refrangible. 
The  range  of  their  extent,  when  difperfed  by  a  prifrn,  begins 
at  violet-coloured  light,  where  they  are  mod  refra&ed,  and 
have  the  lead  efficacy.  We  have  traced  thefe  calorific  rays 
throughout  the  whole  extent  of  the  prifmatic  fpe&rum,  and 
found  their  power  increafing,  while  their  refrangibility  was 
leffened,  as  far  as  to  the  confines  of  red-coloured  light.  But 
their  diminifhing  refrangibility,  and  increafing  power,  did  not 
flop  here ;  for  we  have  purfued  them  a  confiderable  way  be¬ 
yond  the  prifmatic  fpeffrum,  into  an  invifible  date,  dill  ex¬ 
erting  their  increadng  energy,  with  a  decreafe  of  refrangi¬ 
bility,  up  to  the  maximum  of  their  power ;  and  have  alfo 
traced  them  to  that  date  where,  though  dill  lefs  refracted, 
their  energy,  on  account,  we  may  fuppofe,  of  their  now  fail¬ 
ing  denfity,  decreafed  pretty  fad ;  after  which,  the  invifible 
thermometrical  J'peBrum ,  if  I  may  fo  call  it,  foon  vaniOied. 

If  this  be  a  true  account  of  folar  heat,  for  the  fupport  of 
which  I  appeal  to  my  experiments,  it  remains  only  for  us  to 
admit,  that  fuch  of  the  rays  of  the  fun  as  have  the  refrangi¬ 
bility  of  thofe  which  are  contained  in  the  prifmatic  fpe&rum, 
by  the  conftru6tion  of  the  organs  of  dght,  are  admitted  under 
the  appearance  of  light  and  colours ;  and  that  the  red,  being 
flopped  in  the  coats  and  humours  of  the  eye,  act  upon  them, 
as  they  are  known  to  do  upon  all  the  other  parts  of  our  body, 
by  occadoning  a  fenfation  of  heat. 

Slough,  near  Windfor, 

March  17,  1800. 

Explanation  of  Elate  I.  fig.  2. 

AB,  the  fmall  dand.  1,  2,  3,  the  thermometers  upon  it. 
CD,  the  prifrn  at  the  window.  E,  the  fpedlrum,  thrown 
upon  the  table  fo  as  to  bring  the  lad  quarter  of  an  inch  of 
the  red  colour  upon  the  dand. 
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III.  Experiments  on  the  folar  and  on  the  terrejlrial  Rajs  that 
cccafion  Heat',  with  a  comparative  View  of  the  Laws  t'O 
which  Light  and  Heat,  or  rather  the  Rays  which  occajion 
them,  are  JubjeB ,  in  order  to  determine  whether  they  are  the 
fame,  or  different .  By  William  Herschel}  LL,L . 
F.R.S.* 


Part  I. 


the  word  heat,  in  its  moft  common  acceptation,  denotes 
a  certain  fenfation,  which  -  is  well  known  to  every  perfon. 
The  caufe  of  this  fenfation,  to  avoid  ambiguity,  ought  to 
have  been  diflinguifhed  by  a  name  different  from  that  which 
is  ufcd  to  point  out  its  effect.  Various  authors,  indeed,  who 
have  treated  on  the  fubjed  of  heat,  have  occafionaliy  added 
certain  terms  to  diftinguifh  their  conceptions,  fuch  as,  latent, 
abfolute,  fpecific,  fenfible  heat;  while  others  have  adopted 
the  new  exprefiions  of  caloric,  and  the  matter  of  heat.^  None 
of  thefe  descriptive  appellations,  however,  would  have  com¬ 
pletely  anfvvered  my  purpofe.  I  might,  as  in  the  preceding 
papers,  have  ufed  the  name  radiant  heat,  which  has  been 
introduced  by  a  celebrated  author,  and  which  certainly  is 
not  very  different  from  the  expreffions  I  have  now  adopted ; 
but,  by  calling  the  fubjed  of  my  refearches,  the  rays  that 
occafion  heat,  I  cannot  be  mifunderftood  as  meaning  that 
thefe  rays  themfelves  are  heat;  nor  do  I  in  any  refped  engage 
myfelf  to  (how  in  what  manner  they  produce  heat. 

From  what  has  been  laid,  it  follows  that  any  objedions 
that  may  be  alleged  from  the  fuppofed  agency  of  heat  in 
other  circumftances  than  in  its  ftate  of  radiance,  or  heat- 
making  rays,  cannot  be  admitted  againft  my  experiments. 
For,  notwithstanding  I  may  be  inclined  to  believe  that  all 
phenomena  in  which  heat  is  concerned,  fuch  as  the  expan¬ 
sion  of  bodies,  fluidity,  congelation,  fermentation,  fridion, 
&c.  as  well  as  heat,  in  its  various  ftates  of  being  latent,  fpe¬ 
cific,  abfolute,  or  fenfible,  may  be  explained  on  the  principle 
of  heat-making  rays,  and  vibrations  occasioned  by  them  in 


*  From  the  ‘Tranfaftions  of  the  Royal  Society  for  1800. 
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the  parts  of  bodies;  yet  this  is  not  intended,  at  prefent,  to 
be  any  part  of  what  I  (hall  endeavour  to  eftablifh* 

I  muft  alfo  remark  that,  in  ufing  the  word  rays ,  I  do  not 
tnean  to  oppofe,  much  lefs  to  countenance,  the  opinion  of 
thofe  philofophers  who  ftill  believe  that  light  itfelf  comes  to 
tes  from  the  fun,  not  by  rays,  but  by  the  fuppofed  vibrations 
of  an  elaftic  ether,  every  where  diflufed  throughout  fpace  ;  I 
only  claim  the  fame  privilege  for  the  rays  that  occafion  heat, 
which  they  are  willing  to  allow  to  thofe  that  illuminate 
Objects.  For,  in  what  manner  foever  this  radiance  may  be 
effected,  it  will  be  fully  proved  hereafter  that  the  evidence 
either  for  rays,  or  for  vibrations  which  occafion  heat,  hands 
on  the  fame  foundation  on  which  the  radiance  of  the  illu¬ 
minating  principle,  light,  is  built. 

In  order  to  enter  on  our  fubjeCt  with  fome  regularity,  it 
will  be  neceflfary  to  diftinguifti  heat  into  fix  different  kinds* 
three  whereof  are  folar,  and  three  terteftrial;  but,  as  the  di- 
vifions  of  terreftrial  heat  ftriCtly  refemble  thofe  of  folar,  it  will 
not  be  neceflary  to  treat  of  them  feparately;  our  fubjeCt,  there¬ 
fore,  may  be  reduced  to  the  three  following  general  heads : 

We  (hall  begin  with  the  heat  of  luminous  bodies  in  ge¬ 
neral,  fuch  as,  in  the  firft  place,  we  have  it  directly  from 
the  fun;  and  as,  in  the  fecolid,  we  may  obtain  it  from 
terreftrial  flames,  fuch  as  torches,  candles,  lamps,  blue* 
lights,  &c. 

Our  next  divifion  comprehends  the  heat  of  coloured  ra¬ 
diants.  This  wp  obtain,  in  the  firft  place,  from  the  fun,  by 
feparating  its  rays  in  a  prifm ;  and,  in  the  fecond,  by  having 
recourfe  to  culinary  fires  openly  expofed. 

The  third  divifion  relates  to  heat  obtained  from  radiants, 
where  neither  light  nor  colour  in  the  rays  can  be  perceived  a 
This,  as  I  have  fhown,  is  to  be  had,  in  the  firft  place,  di¬ 
rectly  from  the  fun,  by  means  of  a  prifm  applied  to  its  rays ; 
and,  in  the  fecond,  we  may  have  it  from  fires  inclofed  in 
ftoves,  and  from  red-hot  iron  cooled  till  it  can  no  longer  be 
feen  in  the  dark. 

Befides  the  arrangement  in  the  order  of  my  experiments 
which  would  arife  from  this  divifion,  we  have  another  fubjeCl: 
to  confider.  For,  fince  the  chief  defign  of  this  paper  is  to 
Vol.  VIII.  D  ~  give 
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give  a  comparative  view  of  the  operations  that  may  he  pef* 
formed  on  the  rays  that  occafion  heat,  and  of  thofe  which 
we  already  know  to  have  been  effected  on  the  rays  that  oc- 
cafion  light,  it  will  be  neceffary  to  take  a  fhort  review  of  the 
latter.  I  {hall  merely  felet  fueh  fadts  as  not  only  are  per- 
fetly  well  known,  but  efpecially  fuch  as  will  ahfwer  the  in¬ 
tention  of  my  comparative  view,  and  arrange  them  in  the 
following  order. 

1.  Light,  both  folar  and  terreflrial,  is  a  fenfation  occa- 
fioned  by  rays  emanating  from  luminous  bodies,  which  have 
a  power  of  illuminating  objets;  and,  according  to  circums¬ 
tances,  of  making  them  appear  of  various  colours. 

2.  Thefe  rays  are  fubjet  to  the  laws  of  reflection. 

3.  They  are  likewife  fubjet  to  the  laws  of  refraction.. 

4.  They  are  of  different  refrangibility. 

3.  They  are  liable  to  be  (lopped,  in  certain  proportions^ 
when  tranfmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  fcattered  on  rough  furfaces. 

7.  They  have  hitherto  been  fuppofed  to  have  a  power  of 
heating  bodies ;  but  this  remains  to  be  examined. 

The  fimilar  propofitions  relating  to  heat,  which  are  in¬ 
tended  to  be  proved  in  this  paper,  will  ftand  as  follows  : 

1.  Heat,  both  folar  and  terreftrial,  is  a  fenfation  occa¬ 
sioned  by  rays  emanating  from  candent  fubftances,  which, 
have  a  power  of  heating  bodies. 

2.  Thefe  rays  are  fubject  to  the  laws  of  reflection. 

3.  They  are  likewife  fubject  to  the  laws  of  refraction. 

4.  They  are  of  different  refrangibility. 

5.  They  are  liable  to  be  (lopped,  in  certain  proportions, 
when  tranfmitted  through  diaphanous  bodies. 

6.  They  are  liable  to  be  fcattered  on  rough  furfaces. 

7.  They  may  be  fuppofed,  when  in  a  certain  (late  of 
energy,  to  have  a  power  of  illuminating  objects  j  but  this 
remains  to  be  examined. 

Before  I  can  go  on,  I  have  to  mention  that  the  number 
of  experiments  which  will  be  required  to  make  good  ail  thefe 
points,  exceeds  the  ufual  length  of  my  papers;  on  which 
account,  I  fhall  divide  the  prefent  one  into  two  parts.  Pro¬ 
ceeding,  therefore,  now  to  an  invdligation  of  the  three  firll 
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heads  that  have  been  propofed,  I  referve  the  three  next,  and 
a  difcufiion  which  will  be  brought  on  by  the  feventh  article, 
for  the  fecond  part.  .  ,  . 

+:■'  f  .  '  p 

tJI  Experiment.  Reflection  ofl  the  Heat  ofl  the  Sun. ' 

I  expofed  the  thermometer,  which  in  a  former  paper  has 
been  denoted  by  No.  3,  to  the  eye-end  of  a  ten-feet  New¬ 
tonian  telefcope,  which  carried  a  Camera  eye-piece*,  but  no 
eye-glafs.  When,  by  proper  adjuftment,  the  focus  came  to 
the  ball  of  the  thermometer,  it  rofe  from  53  degrees  to  no'; 
fo  that  rays  which  came  from  the  fun,  underwent  three  re¬ 
gular  reflections ;  one  on  a  concave  mirror,  and  the  other  two 
on  two  plain  ones.  Now  thefe  rays,  whether  they  were 
thofe  of  light  or  not,  for  that  our  experiment  cannot  afcer- 
tain,  had  a  power  of  occafloning  heat,  which  was  manifefted 
in  railing  the  thermometer  58  degrees. 

id  Experiment.  Reflection  ofl  the  Heat  ofl  a  Candle . 

At  the  diftance  of  29  inches  from  a  candle,  I  planted  a 
fmall  fteel  mirror,  of3  T%  inches  diameter,  and  about  i\ inches 
focal  length  f.  In  the  {econdary  focus  of  it,  I  placed  the 
ball  of  the  thermometer  which  in  my  paper  has  been  marked 
No.  2 ;  and  very  near  it,  but  out  of  the  reach  of  reflection,- 
the  thermometer  No.  3.  Having  covered  the  mirror  till 
both  were  come  to  the  temperature  of  their  ftations,  I  began 

)  Here,  in  five  minutes,  the 
thermometer  No.  2,  re¬ 
ceived  3J.  degrees  of  heat 
from  the  candle  by  re¬ 
flected  rays.  I  now  covered 
the  mirror,  but  left  all  the 
reft  of  the  apparatus  un- 
[  touched. 

Here,  in  fix  minutes,  the  ther¬ 
mometer  loft  the  34  degrees 
>  of  heat  again,  which  it  had 
gained  before.  I  uncovered 
the  mirror  once  more. 

*  See  Phil.  Tranf.  Vol,  LXXII.  p  176.  +  See  Plate  I,  fig.  1. 
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And,  in  five  minutes,  the  3J  degree! 
of  heat  were  regained.  In  cpnfe** 
quence  of  which  wp  are  aiftired 
that  certain  rays  came  from  th? 

candle,  fubje&  to  the  laws  of  refle&ion,  which,  though  they 
might  not  be  the  rays  of  light,  for  that  our  experiment  does 
not  determine,  were  evidently  inverted  with  a  power  of  heat* 
ing  the  thermometer  placed  in  the  focus  of  the  mirror* 


Experiment.  Reflection  of  the  Heat  that  accompanies  tbf. 

Rolar  prifmatic  Colours . 

In  the  fpe&rum  of  the  fun,  given  by  a  prifm,  I  placed  my 
fmall  fteel  mirror,  with  a  thermometer  in  its  focus  *.  It 
was  covered  by  a  piece  of  paftebpard,  which,  through  a 
propex  opening,  admitted  all  the  virtble  colours  to  fall  on  its 
polifhed  furface,  but  excluded  every  other  ray  of  heat  that 
might  be  either  on  the  violet  or  on  the  red  fide,  beyond  the 
fpectrum.  Then,  placing  the  apparatus  fo  as  to  have  the 
thermometer  in  the  red  rays,  but  keeping  the  mirror  covered 
up  till  the  thermometer  became  fettled,  I  found  it  rtationary 
at  58°.  Uncovering  the  mirror,  I  had  as  follows : 

No.  2.^  Here,  in  two  minutes,  the  thermometer  rofe 
d  58  >  35  degrees,  by  refieifed  heat.  I  covered 

%  93  J  the  mirror  again,  and,  in  a  few  minutes, 

the  thermometer  expofed  to  the  direct  prifmatic  red  came 
down  to  58°  again,  And  thus  the  prifmatic  colours,  if  they 
*re  not  themfelves  the  heat-making  rays,  are  at  leaft  accom¬ 
panied  by  fuch  as  have  ^  power  of  occafipping  heat,  and  are 
liable  to  be  regularly  reflefted. 


4 th  Experiment .  Reflection  of  the  Heat  of  a  red-hot  Poker , 

I  placed  the  fmall  fteel  mirror  at  twelve  inches  from  a  redr 
hot  poker,  fet  with  its  heated  end  upwards,  in  a  perpendi¬ 
cular  porttion,  and  fo  elevated  as  to  throw  its  rays  on  the 
mirror  f.  The  thermometer  No.  2,  was  placed  in  its  fe- 
condary  focus,  and  had  a  fmall  pafteboard  fereep,  to  guard 
its  ball  from  the  direft  heat  of  the  poker. 

*  See  Plate  II.  fig.  1.  f  See  Plate  I.  fig.  t. 
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No.  %.  -\  Here,  in  1,4  minute,  the  thermo- 

</  54 4  I  meter  rofe  384  degrees  by  re- 

14  93  >  fleeted  rays  ;  and,  when  the 

I  covered  the  mirror.  1  mirror  was  covered  up,  it  fell 
3'  65  J  in  the  next  14  minute,  28  de¬ 

grees.  On  which  account  we  cannot  but  allow  that  certain 
rays,  whether  ijt  be  thofe  that  thine  or  not,  iflue  from  an 
ignited  poker,  which  are  fubjeft  to  the  regular  laws  of  re-* 
fle&ion,  and  have  a  power  of  heating  bodies. 

[To  be  continued.] 

*"  * 

IV.  Account  of  fome  interefting  Experiments ,  performed  at 
the  London  Philcfophical  Society ,  refpeSiing  the  Effe&s  of 
Heat ,  excited  by  a  Stream  of  Oxygen  Gas  thrown  upon 
ignited  Charcoal ,  on  a  number  of  Gems  and  other  refrac - 
'tory  Subjlances  fubmitted  to  its  Action  ‘}  with  a  Hefcription 
of  the  Apparatus  employed* , 

It  is  well  known  that  no  methods  with  which  we  are  yet 
acquainted,  are  capable  of  exciting  a  degree  of  heat  which  is 
at  all  to  be  compared  with  that  produced  by  the  agents  em¬ 
ployed  in  the  operations  about  to  be  defcribed.  The  ftriking 
experiment  of  the  deflagration  of  iron-wire  in  oxygen  gas  is 
frequently  accompanied  with  phsenomena,  not  hitherto  at¬ 
tended  to  as  they  deferve  to  be,  which  furnifli  ftrong  proofs 
in  fupport  of  this  aflertion. 

A  receiver,  or  bell-glafs,  that  will  hold  about  two  quarts, 
with  an  aperture  at  the  top  of  about  one  inch  in  diameter 
(fuch  as  is  now  ufually  denominated  ee  a  deflagrating  glafs”), 
is  charged  with  oxygen  gas,  in  the  ufual  manner,  on  the  fhelf 
of  a  pneumatic  tub,  the  aperture  being  flopped  with  a  cork, 
or,  which  is  better,  covered  with  a  piece  of  {late,  or  other 
fuitable  fubftance,  ground  flat  fo  as  to  lie  clofely  on  its  edges. 
If  the  veflel  be  then  removed  from  the  flielf  into  an  earthen 
plate,  with  a  fuflicient  quantity  of  water  in  it  to  cover  the 
edge  of  the  receiver,  and  prevent  the  efcape  of  the  gas  from 

From  the  unpubliftied  minutes  of  the  Society.  We  are  promifed* 
from  the  fame  quarter,  feveral  other  interefting  communications. 

|>elow. 
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below,  the  phenomena  will  be  the  better  obfcrved,  The 
wire  being  prepared  by  coiling  it  up  into  a  fpiral,  like  a  cork - 
fcrew,  inferring  its  fuperior  extremity  into  a  cork  or  cover, 
adapted  to  the  fuperior  aperture  of  the  receiver,  and  winding 
a  little  cotton  round  its  lower  extremity;  the  cotton  is  to  be 
very  (lightly  clipped  in  the  melted  tallow  of  a  candle,  and  then 
fet  on  fire.  This  gives  fuch  a  degree  of  temperature  to  the 
wire  as  occafions  it  to  take  fire  when  introduced  into  the  gas^ 
which  is  done  by  removing  the  cork  or  cover  from  the  re¬ 
ceiver  and  fubftituting  that  containing  the  wire  at  the  mo- 
ment  of  its  ignition.  > 

The  wire  then  begins  to  deflagrate,  and  little  globules  of 
melted  iron  are  formed  at  its  extremity;  each  falling  off  in 
fuccemon  when  it  acquires  a  weight  fufficient  to  detach  it 
from  the  remainder  of  the  burning  metal.  One  circum- 
ftaqce,  which  cannot  fail  to  imprefs  the  mind  ftrongly  with 
the  intenfity  of  the  heat  produced  in  this  experiment,  is,  that 
many  of  thefe  globules,  though  they  mull  neceffarily  firft 
pafs  through  the  water  in  the  plate,  are  always  found,  even 
when  the  water  is  two  inches  or  upwards  in  depth  within 
the  receiver,  to  have  fufed  the  vitreous  glazing  completely 
through,  and  to  be  fo’  ftrongly  united  with  it,  that  they  can¬ 
not  be  afterwards  feparated  without  detaching  the  glazing, 
together  with  the  femi-vitrefied  and  flag-like  globule  which 
adheres  to  it. 

Another  effedt,  which  may  be  produced  at  pleafure,  fur- 
nifties,  if  poftible,  a  ft i  1 1  more  convincing  proof  of  the  in¬ 
tenfity  of  the  heat.  The  drops  of  liquid  iron  generally  ac¬ 
quire  the  hze  of  a  fmall  pea  before  they  detach  themfelves. 
If  the  experimenter,  watching  the  moment,*  give  a  quick 
jerk  to  the  wire,  and  make  the  globule  ftrike  the  fide  of  the 
glafs,  it  will  often  be  found  to  melt  its  way  through  in  an 
inftant,  leaving  a  hole  in  the  glafs,  whofe  edges  are  as  well 
defined  as  if  it  had  been  drilled.  The  glafs  ufed  on  this 
©ceafion  in  the  Society,  and  which  is  fuch  a  one  as  Mr.  Var- 
ley,  the  experimenter  to  this  inftitution,  makes  ufe  of  in  his 
public  le&ures,  is  generally  as  thick  as  a  ftrongf  drinking 
tumbler;  and  it  is  worthy  of  remark,  that,  though  in  charg¬ 
ing  the  glafs,  perhaps  not  a  minute  before  the  experiment, 

it 
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.k  niuft  neceffarily  be  immerfed  in  water,  neither  its  coldnefs 
or  humidity  hinders  the  paflage  of  the  globule,  which  feems 
to  make  its  way  through  wit'll'  as  much  eafe  as  it  would 
.through  a  piece  of  writing  paper.  When  the  jerk  is  lefs 
powerful,  the  ball  of  iron  will  fometimes  not  go  quite 
through,  but  lodge  itfelf  in  the  fubftance  of  the  glafs,  which 
it  in  that  caie  generally  foftens  fo  as  to  raife  a  protuberance 
on  the  outfide. 

The  contemplation  of  fuch  powerful  effects  of  heat  as  thefe, 
induced  the  Society,,  on  the  fuggefti-on  of  a  very  worthy 
member,  arid  zealous  cultivator  of  the  fciences,  Mr.  Francil- 
Ion,  to  enter  upon  the  prefect  experiments,  which  were  per¬ 
formed  .upon  the  different  fpecies  of  gems  hereafter  enume¬ 
rated  ;  for  all  of  which  the  Society  was  indebted  to  the  po- 
htenefs  of  the  gentleman  who  iirii  propofed  the  fubjehf,  and 
from  whofe  very  valuable  cabinet  they  were  accordingly  fup- 
plied. 

The  experiments  were  made  in  the  prefence  of  the  Society 
at  different  meetings,  from  24th  September  to  26th  Novem¬ 
ber  1798,  in  the  order  in  which  they  are  here  mentioned; 
the  prefect  account  being  compiled  from  the  original  mi¬ 
nutes  taken  by  Mr.  Turton,  their  fecretary,  with  that  degree 
of  accuracy  which  ufualjy  yharacterifes  them,  and 'which  have 
again  been  compared  with  the  gems  in  their  prefect  ffate.  ■ 

,  The  apparatus  employed  will  be  defcribed  at  the  end  of 
the  prefent  communication. 

Diamonds. 

I.  The  firft  ftone  fubjeffted  to  experiment  was  a  rofe  dia¬ 
mond  of  the  weight  of  -t|ths  of  a  carat.  It  was  put  upon  a 
piece  of  compact  charcoal  in  which  a  fmall  excavation  had 
been  previoufly  made,  and  the  flame  of  a  lamp,  urged  by  a 
common  blow-pipe,  then  thrown  into  the  cavity.  When 
the  charcoal  was  ignited  it  was  prefented  to  another  blow¬ 
pipe,  fupplied  bv  the  gafometer  with  an  uninterrupted  ftream- 
of  oxygen  gas. 

The  diamond,  at  the  end  of  one  minute  and  fifty  feconds, 
was  found  to  weigh  only  -g^ths,,  having  loll  Tytbs  of  its  ori¬ 
ginal 
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ginal  weight.  It  had  loft  its  tranfparency,  figure,  and  pO* 

liture. 

Bergman  obferves,  that  the  diamond,  urged  by  a  very  in* 
tenfe  heat,  eontra6ts  a  fort  of  foot  upon  its  furface  :  no  ap¬ 
pearance  of  this  kind  was  obferved  on  the  prefent-occafion. 

The  unconfumed  portion  of  the  diamond,  which  was  re¬ 
cut  after  the  experiment,  now  exhibits  exactly  the  fame  fpe- 
cies  of  luftre  as  before.  It  originally  “  drew  colour/’  as 
jewellers  term  it  ;  that  is,  it  had  a  flight  brown  tinge 
throughout,  fomewhat  like  that  of  a  fmoked  topaz,  but  very 
pale.  °  It  has  ftill  the  fame  colour.  Mr.  Francillon,  whofe 
experience  in  matters  of  this  nature  is  ecjual  to  that  of  moft 
perfons,  made  an  obfervation  on  this  circumftance  which 
deferves  to  be  mentioned.  It  feems  that  there  are  fome  dia¬ 
monds  which,  although  in  themfelves  colourlefs,  contain 
«  fouls”  or  “  fpecks,”  as  they  are  called,  which  are  cavities 
filled  with  red,  yellow,  or  brown  earths;  and  thefe  colours, 
being  refle&ed  through  the  tranfparent  fubftance  of  the  ftone 
when  cut,  give  it  the  appearance  of  being  itfelf  coloured. 
When  fuch  ftones  are  fubje&ed  to  heat,  the  earth  in  thefe 
cavities  turns  black ;  the  ftone  after  this  “  plays  colour¬ 
lefs,”  and  the  defeat  is  cured.  Thofe  which  “draw  colour, 
that  is,  which  are  themfelves  tinged,  undergo  no  change  by 
being  heated. 

II.  Another  diamond,  which  weighed  -JJths  of  a  carat, 
was  fubje&ed  to  heat  excited  by  oxygen  gas  in  the  fame 
manner  as  the  former.  At  the  end  of  53^  it  was  with¬ 
drawn,  and  was  found  to  have  loft  -^ths,  or  orl” 

ginal  weight.  In  a  few  feconds  more,  it  would  have  en¬ 
tirely  difappeared.  It  was  indeed  the  intention  of  the  Society 
to  have  produced  this  effedt ;  but  one  of  thofe  fortunate  cir- 
cumftances  which  fometimes  lead  to  confiderable  difcoveries, 
prefented  on  this  occafion  a  phenomenon  even  more  inter- 
efting  than  that  of  the  total  diflipation  of  the  gem,  though 
no  lefs  to  have  been  expeaed.  The  diamond  was  at  this 
time  accidentally  thrown  from  the  charcoal,  and  was  clearly 
and  dijlinflly  Jeen  to  jiame  as  a  combujlible  body  in  its  pajfage 

through  the  air.  The  flame  was  of  ahlueifh  pearl  colour,  and 

nearly 
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nearly  three  quarters  of  an  inch  in  length.  This  experiment 
has  fince  been  frequently  repeated,  and  always  fucceeds  in 
nearly  the  fame  manner. 

This  ftone  remains  ftill  in  the  ftate  in  which  the  experi¬ 
ment  left  it.  Its  figure  and  polifli  are  quite  gone,  and  it  is 
ftudded  all  over  with  carbonaceous  matter  of  a  fomewhat 
metallic  brilliancy,  which,  on  examination  with  a  magni¬ 
fier,  appears  to  be  plumbago,  in  union  with  the  furface  of 
the  diamond. 

Amethyjls . 

III.  An  am  ethyl!,  weighing  iTrT  carat,  in  40"  broke  into 
feveral  pieces.  At  the  end  of  1'  55"  the  fragments  were 
withdrawn  and  again  weighed,  as  there  was  reafon  to  fupe6t 
that  fome  of  them  had  flown  off.  Some  of  them,  weighing 
—Jths  of  a  carat,  were  then  taken  and  expofed  to  the  heat  for 
1'  15",  when  they  became  fufed  into  one  mafs,  which,  on 
cooling,  again  broke  into  feveral  pieces. 

The  colour  of  the  flone  is  gone;  the  fragments  are  femi- 
tranfparent,  and  very  much  refcmble  fragments  of  cryflals  of 
a  pure  white  fait ;  fuch,  for  inftance,  as  purified  nitre.  The 
fufed  mafs  might  perhaps  have  been  preferved  entire,  if  the 
precaution  of  cooling  it  flowly,  by  placing  it  under  a  muffle, 
or  in  a  crucible,  in  a  furnace,  and  fuffering  the  fire  to  die 
away  gradually,  had  been  taken  ;  but  this  was  not  attempted. 

IV.  Another  amethyft,  weighing  half  a  carat,  expofed  to 
the  heat  for  pf,  was  fufed  into  a  globule  which  is  nearly 
fpheroidal  and  pretty  fmooth,  but  full  of  fmall  bubbles  and 
cracks,  fimilar  to  thofe  in  glafs  which  is  thrown,  when 
heated,  into  water.  The  whole  is  colourlefs  and  tranfparent 
like  flint  glafs,  except  a  portion  on  one  fide,  which,  having 
probably  been  leaft  heated,  looks  like  white  enamel.  The 
ftone  loft  TV  part  of  its  weight. 

Sapphires. 

V.  An  oriental  fapphire,  weighing  carat,  though  the 
heat  was  applied  with  caution,  by  expofing  it  firft  to  the 
a&ion  of  a  lamp  urged  by  a  common  blow-pipe,  broke  into 
three  pieces,  but  feemed  to  have  undergone  flo  other  change 
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at  the  end  of  one  minute.  The  fragments  were  then  fub- 
je&ed  to  the  heat  excited  by  a  dream  of  oxygen  gas  thrown 
upon  the  charcoal  for  2' 6ff,  Two  of  the  pieces  became  co* 
lou riels  and  have  fome  refemblance  to  alum  ;  the  third  re¬ 
tains,  in  fome  meafure,  its  original  colour.  Their  prefent 
weight  is  l*ths  of  a  carat.  They  have  all  of  them  loft  a 
conliderablc  portion  of  their  tranlparency,  but  have  a  rough 
polifh,  and  retain  their  facets. 

VI.  Another  fapphire,  in  the  form  of  a  parallelopipedon, 
weighing  ||ths  of  a  carat,  being  expofed  to  the  ftrong  heat 
for  2'  53  ",  had  its  angles  rounded  oil,  fo  that  it  became  re¬ 
duced  to  the  form  of  a  tamarind-ftone,  and  loft  its  tranf- 
parency.  It  is  now  a  femi-tranfparent  whitilh  mafs,  but 
ftill  retaining  fome  traces  ot  its  original  colour.  It  is  in  part 
covered  and  interfperfed  with  a  kind  of  brown  fcoriie  very 
like  copper  bronze.  1  he  weight  is  the  fame  as  at  firft. 

VII.  Seven  fapphires,  weighing  together  ^ths  of  a  carat, 
heated  fob  9''  55",  loft  no  weight,  but  became  agglutinated 
together ;  the  ftifed  coat  in  which  they  are  enveloped  having 
the  appearance  of  a  whitilh  femi-tranfparent  vitreous  cement, 
through  which  the  remainder  of  the  ftones  are  feen  ftill  re¬ 
taining  fomewhat  of  their  colour.  One  portion  or  face  ol 
the  mafs,  containing  two  of  them  joined  as  already  men¬ 
tioned,  was  afterwards  fubje&ed  to  the  lapidary’s  wheel :  it 
took  a  good  polifh,  and  proved  as  hard  as  at  firft.  The  ap¬ 
pearance  of  the  different  parts  of  the  polifhed  face,  is  the 
fame  as  that  of  other  fimilar  parts  of  the  mafs. 

Oriental  Topazes, 

VIII.  A  topaz,  weighing  J.Jths  of  a  carat,  was  expofed 
for  2'  19  '  to  a  heat  excited  by  oxygen  gas,  thrown  upon  the 
charcoal  on  which  it  lay,  in  two  ftreams,  by  means  of  a  ' 
double  blow-pipe  of  a  new  conftru&ion,  fuggefted  and  exe¬ 
cuted  by  Mr.  Varley,  and  which  will  be  deicribed,  along 
with  the  other  parts  of  the  apparatus,  in  its  proper  place. 
The  Hone  entirely  loft  its  colour,  and  now  refembles  a  piece 
of  borax.  The  fufion,  if  there  was  any,  was  extremely  fuperfi  - 
cial,  being  only  juft  fufficient  to  dellroy  the  polilh,  the  form 
and  facets  ftill  remaining,  with  the  angles  a  little  obtunded. 
Its  weight  is  the  fame  as  at  firft. 


IX. 
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IX.  Three  more,  weighing  |’ths  of  a  carat,  heated  for 
4'  26  ',  became  agglutinated  together,  but  were  found  to 
have  loll  none  of  their  weight.  Being  heated  a  fecond  time 
for  4' 30'',  they  melted  into  a  globule,  which  broke  in  cool¬ 
ing.  The  principal  portion  is  roundilh,  and  the  fufion  has 
evidently  been  complete :  it  has  a  brownilh  appearance  on 
the  fufed  furface,  but  is  clearer  in  the  fra&ure;  the  whole 
being  fomewhat  like  a  piece  of  dirty  camphor.  The  weight 
is  a  little  increafed. 

X.  A  topaz,  weighing  -J-Jths  of  a  carat,  after  being  ex- 
pofed  to  the  heat  for  4'  33'',  was  found  to  have  loll  -/^ths, 
It  had,  like  the  lad,  loll  its  colour,  but  (till  partly  retains  its 

•  original  figure.  One  fmall  furface  was  afterwards  tried  on 
the  lapidary’s  wheel,  and  found  to  be  as  hard  as  before. 

Brazilian  Topaz . 

XI*  A  Brazilian  topaz,  weighing  -J£ths  of  a  carat,  after 
being  in  the  heat  for  3 ' 26 ",  came  out  “?ths.  It  was  per- 
fe£lly  fufed,  and  had  become  of  an  opake  white,  like  a  fufed 
fait ;  fuch,  for  example,  as  fat  prunella. 

Oriental  Rubies. 

XII.  One  weighing  J|ths  of  a  carat,  heated  for  2 '  </[, 
feems  (lightly  and  fuperficially  fufed  :  it  is  cracked,  but  the 
pieces  have  not  feparated.  The  weight  and  colour  are  the 
fame  as  before.  It  is  well  known  that  rubies,  when  expoled 
to  a  common  lamp  and  blow-pipe,  become  colourlefs,  but 
recover  their  colour  fuddenly  and  intlantly  on  cooling,  when 
a  little  below  a  red  heat.  This  ruby,  after  its  cxpofure  to  the 
intenfe  heat  excited  by  the  decompofition  of  the  oxygen  gas, 
refumed  its  colour  as  it  would  have  done  if  it  had  been  ex- 
pofed  to  a  lower  heat. 

XIII.  Five  rubies,  weighing  together  half  a  carat,  were 
expofed  to  the  heat  for  4'  without  Jofing  any  weight.  The 
whole  became  agglutinated  into  a  (hapelefs  mafs,  in  which 
the  remains  of  the  original  Hones  now  appear  interfperfed  in 
a  white  vitreous  cement.  The  colour  of  the  (mailer  Hones 
was  changed  whitifli,  but  one  larger  portion  was  but  little 
altered  in  this  refpe6t. 

E2 
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XIV.  Eight  more,  weighing  i^~  carat,  heated  for  8  , 
loft  no  weight :  they  were  agglutinated,  like  the  former,  into 
a  (hapelefs  mafs  (which  afterwards  broke  in  two),  with  the 
fame  appearance  of  a  whitifh  vitreous  matter  interpofed.  One 
fmall  portion  of  the  furface  ftill  retained  a  fine  polifh.  An¬ 
other  part  of  it  was  afterwards  polifhed  by  the  lapidary  :  the 
ftone  was  found  to  be  as  hard  as  before. 

XV.  To  prove  whether  a  longer  expofure  would  not  pro¬ 
duce  a  more  perfect  fulion,  feven  more,  which  weighed  to¬ 
gether  half  a  carat,  were  fubjedted  to  the  heat  for  9"  2",  but 
without  undergoing  any  other  change  than  that  of  being  fuf- 
ficiently  fufed  to  be  firmly  agglutinated  together  by  a  white 
vitreous  cement :  the  colour  of  the  (tones  themfelves  remains, 
in  a  certain  degree,  unaltered. 

XVI*-- Nine  rubies,  weighing  -J-Jths  of  a  carat,  were  in¬ 
tended  to  be  expofed  for  a  ftill  longer  portion  of  time,  but, 
after  ft  10",  were  obferved  to  be  in  fufton.  They  were  then 
withdrawn,  and  the  mafs  weighed,  but  no  lofs  of  weight  was 
perceptible.  They  now  compofe  an  opake,  dirty-looking, 
whitifti  mafs,  fomewhat  like  melted  camphor,  and  which 
has  evidently  been  perfectly  fufed.  A  few  fmall  portions 
ftill  retain  fomewhat  of  their  original  colour;  but  would 
probably/ alfo,  have  become  white  or  gray,  by  a  longer  con¬ 
tinuance  of  the  heat. 

It  is,  perhaps,  worthy  of  obfervation,  that  a  happy  acci¬ 
dental  arrangement  of  the  fubftances  employed,  will  fome- 
times  produce  inftantaneoufly  more  powerful  effedts  than  a 
longer  expofure  under  other  circumftances.  This  was  the 
cafe  in  the  prefent  inftance  ;  for  the  weight  of  the  rubies  ufed 
in  the  laft  experiment,  was  to  that  of  thofe  employed  in  the 
preceding  one,  as  3  to  e,  and  yet,  though  the  heat  was  ap¬ 
plied  for  little  more  than  2-3ds  of  the  time,  the  effects  were 
much  more  ft ri king. 

Some  remark  may  perhaps  alfo  be  applicable  with  regard 
to  the  white  vitreous  fubftance  into  which  the  furfaces  of  the 
ftones  become  changed.  Is  it  probable  that  the  alkali  of  the 
charcoal  contributed  to  deftroy  the  colour  of  the  (tones?  or. 
Would  a  carbonaceous  fubftance,  containing  no  alkali,  have 
exhibited  with  them  the  fame  phenomena  in  all  refpedts  ? 

This, 
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This,  and  other  quedions  which  will  fugged  themfelves, 
can  only  be  fatisfaCtorily  anfwercd  by  experiment.  It  feems 
at  lead  poflible,  however,  that  the  refults  might  be  different 
if  fufion  could  be  effected  under  circumdances  which  fhould 
preclude  the  poffibility  of  extraneous  admixture.  It  is,  per¬ 
haps,  not  altogether  abfurd  to  fuppofe  that  the  mafs  might  in 
that  cafe  entirely  retain  its  original  colour;  and  that  at  fome 
future,  and  perhaps  not  a  very  didant  period,  fmall  dones  and 
fragments  may  be  fufed  into  larger  maffes  poffefling  all  the 
properties  of  the  natural  gems  with  as  much  certainty  as 
metals  are  now  cad  into  ingots. 

[To  be  continued.^] 


V.  An  EJfay  on  the  Declivities  of  Mountains .  By  Richard 

Kirwan,  Efq.  LL.D.  F.R.S.  and  Prejident  of  the  Royal 

Irijh  Academy  ■*. 

J^lMONG  the  various  caufes  to  whofe  activity  the  planet 
we  inhabit  owes  its  prefent  wonderfully  diverfified  appear¬ 
ance,  fome  undoubtedly  exerted  their  influence  from  its  very 
origin,  and  others  at  fubfequent  periods;  of  thefe  lad,  one 
at  lead,  namely,  the  Noachian  deluge,  was  univerfal  in  its 
operation,  while  the  effects  of  many  more  were  partial  and 
local,  fuch  as  thofe  refulting  from  earthquakes,  volcanos, 
particular  inundations,  & c. 

In  a  general  furvey  of  the  globe  it  is  only  to  general  caufes 
whofe  operation  was  univerfal  that  our  attention  can  be  di¬ 
rected,  the  effeCts  of  partial  caufes  being  the  proper  objects 
of  the  geological  hidory  of  thofe  countries  that  were  parti¬ 
cularly  affeCted  by  them. 

But  to  diftinguifh  caufes  of  the  former  clafs  from  thofe 
whofe  operation  was  more  confined,  it  is  neceffary  to  difcover 
fome  character  by  which  their  effects  may  unequivocally  be 
difcerned. 

Now,  a  general  uniformity ,  or  agreement  in  fome  particular 
circumdance,  in  every  part  of  the  globe,  feems  to  be  a  fure 
ted  of  the  operation  of  fome  general  caufe.  The  difcovery 
of  uniform  appearances  is  therefore  of  primary  importance 
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in  geological  rcfearches.  In  the  prefent  effay  I  fhall  confine 
myfelf  to  the  inveftigation  of  one  inftanceof  this  fort,  namely, 
the  inequality  of  declivity  which  the  tides  or  flanks  of  moun¬ 
tains  exhibit,’ in  every  part  of  the  globe  hitherto  examined, 
according  to  the  points  of  the  compafs  to  which  they  face, 
and  are  expofed. 

That  one  part  of  almoft  every  high  mountain  or  hill  is 
fleeper  than  another,  could  not  have  efcaped  the  notice  of 
any  perfon  who  had  traverfed  fuch  mountains;  but  that  Na¬ 
ture,  in  the  formation  of  fuch  declivities,  had  any  regard  to 
different  afpe&s  or  points  of  the  compafs,  feems  to  have  been 
flrft  remarked  by  the  celebrated  Swedifli  geologift  Mr.  Tilas, 
in  the  2 2d  Vol.  of  the  Memoires  of  Stockholm  for  1760  *. 
Neither  Varenius,  Lulolph,  nor  Bufton  in  his  Natural  Hif- 
tory  publifhed  in  1748,  have  noticed  this  remarkable  cir- 
cumftance. 

The  obfervation  of  Tilas,  however,  relates  only  to  the  ex¬ 
treme  ends,  and  not  to  the  flanks  of  mountains  :  with  refpe& 
to  the  former,  he  remarked  that  the  JleepeJl  declivity  always 
faces  that  part  of  the  country  where  the  land  lies  lowed,  and 
the  gentlejl  that  part  of  the  country  where  the  land  lies 
highcft;  and  that,  in  the  fouthern  and  eaftern  parts  of  Swe¬ 
den,  they  confequently  face  the  eaft  and  fouth-eaft,  and  in 
the  northern  the  weft.  The  eflential  part  of  this  obfervation 
extends  therefore  only  to  the  general  elevation  or  depreflion 
of  the  country,  and  not  to  the  bearings  of  thefe  declivities. 

The  difcovery  that  the  different  declivities  of  the  flanks 
of  mountains  bear  an  invariable  relation  to  their  different 
afpe&s,  feems  to  have  been  firfl:  publifhed  by  Mr.  Bergman 
in  his  Phyflcal  Defeription  of  the  Earth,  of  which  the  fecond 
edition  appeared  in  1773.  He  there  remarked  that,  in 
mountains  that  extend  from  north  to  fouth,  the  weftern  flank 
is  the  fteepejl  and  the  eaftern  the  gentlejl :  and  that,  in  moun¬ 
tains  which  run  ealt  and  weft,  the  fouthern  declivity  is  the 
iteepeft,  and  the  northern  the  gentleft.  Vol.  II.  §  187. 

This  affcrtion  he  grounds  on  the  obfervations  related  in 
his  fir  ft  Vol.  §  32,  namely,  That  iftly,  in  Scandinavia,  in  the 
Suevoberg  mountains  that  run  north  and  fouth,  feparating 

*  See  alfo  Vol.  XXV.  Swed.  Abhandl.  p.291,  where  Cronftedt  ex¬ 
plains  fome  obfcure  parts  of  Tilas’s  obfervation. 
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Sweden  from  Norway,  the  weftern  or  Norwegian  fides  are 
the  fteepeft,  and  the  eaftern  or  Swedifh  the  mod  moderate; 
the  vertically  or  fteepnefs  of  the  former  being  to  that  of  the 
latter  as  40  or  50  to  4  or  2  *, 

2dly,  That  the  Alps  are  deeper  on  their  weftern  and 
fouthern  fides  than  on  the  eaftern  and  northern* 

3dlv,  That  in  America  the  Cordelieres  are  deeper  on  the 
weftern  fide,  which  faces  the  Pacific  Ocean,  than  on  the 
eaftem :  but  he  does  not  notice  a  few  exceptions  to  this  rule 
in  particular  cafes,  which  will  hereafter  be  mentioned. 

Buffon,  in  the  firft  Volume  of  his  Epochs  of  Nature,  pub¬ 
lished  in  1778,  p.  185,  is  the  next  who  notices  the  general 
prevalence  of  this  phenomenon,  as  far  as  relates  to  the  eaftern 
and  weftern  fides  of  the  mountains  that  extend  from  north  to 
fouth,  but  he  is  filent  with  refpedt  to  the  north  and  fouth 
fides  of  the  mountains  that  run  from  eaft  to  weft;  nay, 
he  does  not  feem  to  have  a  juft  comprehenfion  of  this  phe¬ 
nomenon,  for  he  confiders  it  conjointly  with  the  general 
dip  of  the  regions  in  which  thefe  mountains  exift.  Thus  he 
tells  us,  Vol.  I.  p.  185,  that  in  all  continents  the  general  de¬ 
clivity,  taking  it  from  the  fummit  of  mountains,  is  always 
more  rapid  on  the  weftern  than  on  the  eaftem  fide ;  thus  the 
fummit  of  the  chain  of  the  Cordelieres  is  much  nearer  to 
the  weftern  ftiores  than  to  the  eaftern :  the  chain  which 
divides  the  whole  length  of  Africa,  from  the  Cape  of  Good 
Hope  to  the  Mountains  of  the  Moon,  is  nearer,  he  fays,  to 
the  weftern  than  to  the  eaftern  feas :  of  this,  however,  he 
muft  have  been  ignorant,  as  that  tra&  of  country  is  ftill  un¬ 
known. 

The  mountains  which  run  from  Cape  Comorin  through 
the  peninfula  of  India,  are,  he  fays,  much  nearer  to  the  fea 
on  the  eaft  than  on  the  weft :  he  probably  meant  the  con¬ 
trary,  as  the  fa&  is  evidently  fo ;  and  fo  he  dates  it  in  the 
fecond  Volume,  p.  295  :  the  fame,  he  tells  us,  may  be  ob- 
ferved  in  iflands  and  peninfulas,  and  in  mountains. 

This  remarkable  circumftance  of  mountains  was,  notwith- 
(landing,  fo  little  noticed,  that  in  1792,  the  author  of  an  ex¬ 
cellent  account  of  the  territory  of  Carlfibad  in  Bohemia,  tells 

*  The  vertically  of  the  Tides  is  inverfely  as  the  length  of  the  defcenr. 
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us  he  had  made  an  obfervation,  which  he  had  never  met 
with  in  any  phylical  defcription  of  the  earth,  namely,  that 
the  fouthern  declivity  of  all  mountains  was  much  fteeper  than 
the  northern,  which  he  proves  by  inftancing  the  Erzgebirge 
of  Saxony,  the  Pyrenees,  the  mountains  of  Switzerland, 
Savoy,  Carinthia,  Tyrole,  Moravia,  the  Carpathian,  and 
Mount  Hsemus  in  Turkey.  2  Bergm.  Jour.  IJ92,  p.  3^5> 
in  the  note. 

Herman  in  his  Geology,  publifhed  in  1797,  p.  90,  has  at 
lead  partially  mentioned  this  circumftance,  for  he  fays  that 
the  eaftern  declivities  of  all  mountains  are  much  gentler  and 
more  thickly  covered  with  fecondary  ftrata,  and  to  a  greater 
height,  than  the  weftern  flanks,  which  he  inftances  in  the 
Swredifh  and  Norwegian  mountains,  the  Alps,  the  Cauca- 
fian,  the  Appennine  and  the  Ouralian  mountains ;  but  the 
declivities,  bearing  a  fouthern  or  northern  afpedt,  he  does 
not  mention. 

La  Metherie,  in  the  fourth  Volume  of  his  Theory  of  the 
Earth,  of  which  the  fecond  edition  appeared  in  179 7,  a 
work  which  abounds  in  excellent  obfervations),  p.  381  *, 
produces  numerous  inftances  of  the  inequality  of  the  eaftern 
and  weftern  declivities,  but  fcarce  any  of  the  northern  and 
fouthern,  wliofe  diftereiice  he  does  not  feem  to  have  noticed ; 
but  he  makes  a  remark,  which  I  have  not  feen  elfewhere, 
that  the  coafts  of  different  countries  prefent  fimilar  declivities. 

With  regard  to  eaftern  and  weftern  afpedts,  he  thinks  that 
a  different  law  has  obtained  in  Africa  from  that  which  has 
been  obferved  in  other  countries ;  for  in  that  vaft  peninfula 
he  imagines  the  eaftern  declivities  of  mountains  are  the 
fteepeft,  and  the  weftern  the  gentleft.  Of  this,  however,  he 
adduces  no  other  proof  but  that  the  greateft  rivers  are  found 
on  the  weftern  fide  :  this  proof  feems  infufficient,  as,  if  moun¬ 
tains  be  fi mated  far  inland,  great  rivers  may  flow  indifcrimi- 
natelv  from  anv  fide  of  them,  and  fometimes  few  rivers  flow' 
even  from  the  fide  whofe  defcent  is  raoft  moderate,  for  in¬ 
fiance,  from  the  eaftern  fide  of  the  mountains  of  Syria:  the 
Elbe  and  the  Oder,  two  of  the  greateft  rivers  in  Germany, 
take  their  courfe  from  the  weftern  fides,  the  firft  of  the 

*  It  is  to  be  regretted  that  he  fcarce  ever  quotes  his  authorities. 
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Bohemian  and  the  other  of  the  Moravian  mountains,  which  yei 
are  the  fteepeft;  many  originate  from  lakes,  as  the  Shannoii 
with  us;  many  take  fuch  a  winding  courfc,  that,  from  a  bare 
knowledge  of  the  place  of  their  difemboguement,  it  is  im- 
poffible  to  judge  from  what  fide  of  a  mountain  they  iiTiie,  if 
from  any  ;  their  courfe  at  moil  difc overs  the  depreflion  of  the 
general  level  of  the  country. 

In  1798,  the  celebrated  traveller  and  circumnavigator^ 
John  Reinhold  Fofter,  publifhed  a  geological  traff,  which 
merits  fo  much  more  attention  as  all  the  faffs  were  either 
obferved  by  himfelf,  or  related  to  him  by  the  immediate  ob- 
fervers.  In  this  he  hates,  as  a  faff  univerfally  obferved,  that 
the  fouth  and  foufh-eaft  fides  of  almoft  every  mountain  are 

t  * 

Ifeep,  but  that  the  north  and  north-weft  fides  are  gently  co¬ 
vered,  and  connected,  with  fecondary  ftrata  in  which  organic 
remains  abound,  which  he  illuftrates  by  various  tnftances; 
fome  of  which  Have  been  already,  arid  others  will  prefently 
be,  mentioned. 

At  preferit  this  faff  attracts  the  gredteft  attention;  being 
dbvioufly  corinefled  with  the  original  ftruffure  of  the  globe; 
and  clearly  proving  that  mountains  are  not  mere  fortuitous 
eruptions,  unconnected  with  tranfaflions  otl  the  furfacfe  of 
the  earth,  as  has  of  late  been  confidently  advanced. 

I  (hall  now  ftate  the  principal  obfervations  relative  to  tills 
bbjeft  that  have  been  iliade  in  different  parts  of  the  world; 

In  Europe . 

i°  The  moiintains  that  feparate  Sweden  from  Norway  ex¬ 
tend  from  north  to  fouth;  their  weftenl  fides  are  fteep,  and 
the  eaftern  gentle.  1  Bergm.  Erde  Befchreib.  p.  157. 

2°  The  Carpathian  mountains  run  from  eaft  to  weft;  thdr 
tbuthern  fides,  towards  Hungary,  are  fteep ;  their  northern; 
towards  Poland,  moderate.  Fofter,  §46. 

30  Ddffor  Walker,  profeflor  of  natural  hiftory  at  Edin~ 
burgh,  obferved  that  the  coafts  and  hills  of  Scotland  are 
fteeper  and  higher  on  the  weftern  fide  than  on  the  Caftern, 
Jamifon’s  Mineralogy  of  Shetland,  p.  3,— However,  Jamifoii 
bbferved  that  the  fouth  fide  of  the  ifte  of  Arran  is  the  lovVeft; 
and  the  north  fide  the  higbeft  :  p.  51 » 
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4°  The  mountains  of  Wales  are  gentle  on  the  eaftern  arrd 
fteep  on  the  weftern  Tides. 

5°  The  mountains  of  Parthery,  in  the  county  of  Mayo, 
are  deep  on  the  weftern.  fide. 

6°  The  mountains  which  feparate  Saxony  from  Bohemia 
defcend  gently  on  the  Saxon  or  northern  fide,  but  are  lleep 
on  the  Bohemian  or  fouthern  fide.  Charpent.  p.  75. — The 
-  fouthern  declivity  is  to  the  northern  as  fix  to  two.  2d  Bergm. 
Journ.  1792,  p.  384  and  385. 

70  The  mountains  which  feparate  Silefia  from  Bohenna 
run  nearly  from  eaft  to  weft,  yet  are  deeper  on  the  northern 
or  Sil'efian  fide  than  on  the  oppofite  Bohemian.  Afifemanni 
Silefia,,  p.  335.  Such  branches  as  run  from  north-eaft  to 
fouth-weft  have  their  weftern  covered  with  primordial  ftrata, 
and  confequently  Jefs  deep.  4  New  Roz.  p.  157. 

8°  The  Meiflener  in'  Heffia  is  deeper  on  the  north  and 
eaft  fides,  which  face  the  Warra,  than  on  the  fouth  and 
weftern.  1  Bergm.  Journ.  1789,  p.  272. 

90  The  mountains  of  the  Hartz  and  Habichtswald  are 
deep  on  the  fouth  and  gentle  on  the  northern  fides.  Foftcr, 

§  46- 

io°  The  Pyrenees,  wbicfr  run  from  eaft  to  weft,  are  deeper 
on  the  fouthern  or  Spanifh  fide.  Carbonieres  XIII. 

ii°  The  mountains  of  Grim  Tartary  are  gentle  on  the 
northern  and  fteep  on  the  fouthern  tides.  Fofter,  ibid. 

In  Ajia, 

12°  The  Ourats,  which  ftretch  from  north  to  fouth,-  are 
far  deeper  on  the  weftern  than  on  the  fouthern  fides.  Her¬ 
man  Geologic,  p.  90;  and  2d  Ural  Befchreib.  p.  389. 

130  The  mountain  of  Armenie,  to  the  weft  of  the  Ourals, 
is  fteep  on  its  eaft  and  north  ftdes,  but  gentle  on  the  fouth efti 
and  weftern.  1  Pallas  Voy.  p.  277. 

140  The  Altaifchan  mountains-  are  fteep  on  their  fouthern 
and  weftern  fides,  but  gentle  on  the  northern  and  eaftern. 
Fofter,  ibid,  and  Herman  2d  Ural  Befchreib.  p.  390  in  the 
note. 

7  50  So  alfo  are  the  mountains  of  Caucafus.  3d  Scbrift.- 
Berl.  Gefelfch.  47  i* 
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The  mountains  of  Kamfkatka  are  deep  on  the  eaftern 
iades.  Pallas,  1  A6t.  Petropol.  T777,  p.  43. 

170  The  Ghauts  in  the  Indian  peninfula  are  fteep  on  the 

weftern  (ides. 

1 8"  The  mountains  of  Svria,  which  run  from  north  to 

*  * 

fouth,  fkirting  the  Mediterranean,  are  laid  to  be  fteeper  on 
the  weftern  tide  facing  the  Mediterranean.  4  La  Metherie, 
p.  380. 

In  America . 

The  Cordelieres  run  from  north  to  fouth ;  their  weftern 
flanks  towards  the  Pacific  are  fteep,  their  eaftern  defeend 
gradually. 

In  Guiana  there  is'  a  chain  of  mountains  that  run  from 
eaft  to  weft ;  their  fouthern  flanks  are  fteep,  their  northern 
gentle.  Voyages  de  Condamine,  p.  140. 

To  aftign  the  caufes  of  this  almoft  univerfal  allotment  of 
unequal  declivities  to  oppofite  points,  and  why  the  o-reateft 
are  directed  to  the  weft  and  fouth,  and  the  gentleft,  on  the 
contrary,  to  the  eaft  and  north,  it  is  neceflary  to  conflder, 

i°  That  all  mountains  were  formed  while  covered  with 
water. 

2°  That  the  earth  was  univerfallv  covered  with  water  at 
two  different  aeras,  that  of  the  Creation,  and  that  of  The 
Noachian  deluge. 

3°  That  in  the  firft  cera  we  muft  diftinguifti  two  different 
periods,  that  which  preceded  the  appearance  of  dry  land, 
and  that  which  fucceeded  the  creation  of  lift),  but  before  the 
lea  had  been  reduced  nearly  to  its  prefent  level :  during  the 
former,  the  primaeval  mountains  were  formed,  and  during 
the  laft,  molt  of  the  fecondary  mountains  and  ftrata  were 
formed. 

4°  That  all  mountains  extend  either  from  eaft  to  weft,  or 
from  north  to  fouth,  or  in  lome  intermediate  direction  be¬ 
tween  thefe  cardinal  points,  which  need  not  be  particularly 
mentioned  here,  as  the  fame  fpecies  of  rcafoning  muft  be 
applied  to  them,  as  to  thole  to  whole  afpebt  they  approach 
in  oft. 

Thefe  preliminary  circumftances  being  noticed,  we  are 
next  to  obferve*  that,  during  the  firft  sera,  this  vail  mafs  of 

F  3  ~  water 


On  the  Declivities  of  Mountains . 


water  moved  in  two  general  directions,  at  right-angles  witty 
each  other  \  the  one  from  ead  to  wed,  which  needs  not  to 
tye  proved,  being  the  courfe  of  tides  which  dill  continue^ 
hut  were  in  that  ocean  neceffarily  ftronger  and  higher  than 
at  prefent;  the  other  from  north  to  fouth  ;  the  water  tending 
to  thofe  vafl  abyffes  then  formed  in  the  vicinity  of  the  South 
Pole,  as  fhown  in  my  former  effays.  Before  either  motion 
could  be  propagated,  a  confiderable  time  mud  have  elapfed. 

Now  the  primaeval  mountains  formed  at  the  commence¬ 
ment  of  the  fird  sera,  and  before  this  double  direction  of  the 
waters  took  place,  mud  have  oppofed  a  confiderable  obdacle 
to  the  motion  of  that  fluid  in  the  fenfe  that  eroded  that  of 
the  direction  of  thefp  mountains.  Thus,  the  mountains  that 
flretch  from  north  to  fouth  mud  have  oppofed  the  motion  of 
the  waters  from  ead  to  wed  :  this  oppofitiqn,  diminifhing  the 
motion  of  that  fluid,  difpofed  it  to  differ  the  earthy  particles, 
with  which  in  thofe  early  periods  it  muff  have  been  impreg¬ 
nated,  to  cryflallife  or  be  depofited  on  thefe  eaflern  flanks, 
and  particularly  on  thofe  of  the  highpft  mountains,  for  over 
the  lower  it  could  eafily  pafs ;  thefe  depofitions,  being  incef- 
fa  fitly  repeated  at  heights  gradually  diminifhing  as  the  level 
of  the  waters  gradually  lowered,  mud  have  rendered  the 
paAern  declivities,  or  defeent,  gentle,  gradual,  and  moderate; 
while  the  weflern  fides,  receiving  no  fuch  acceflions  front 
depofitions,  mud  have  remained  deep  arid  craggy. 

Agaiq,  the  primaeval  mountains  that  run  from  ead  to  wed, 
by  oppofing  a  fimilar  reflflance  to  the  courfe  of  the  waters 
from  north  to  fouth,  mud  have  occafioned  fimilar  depofitions 
on  the  northern  fides  of  thefe  niountains,  againd  which  thefe 


paters  impinged,  and  thus  [moothed  them, 

Where  fnoqntains  ii}terfe£t  each  other  iq  an  oblique  di¬ 
rection,  the  qorth-eaft  fide  of  one  range  being  contiguous  to 
the  fquth-wed  (laqks  of  another  range,  there  the  afflux  of 
adventitious  particles  on  the  north-eaff  fide  of  the  one  mud 
have  frequently  extended  to  the  fouth-wed  fide  of  the  other, 
partipularjv  if  that  afflux  were  flrqng  and  copious :  thus  the 
frzgehlfgc  of  Saxony,  which  run  frpm  wed  to  eaft,  have 
■  i i  if'  qorth-eaft  fides  contiguous  to  the  fouth-wed  fide  of  the 
npebirge  that  feparate  Silcfia  frpm  Bohemia ;  and  hence 
'  7  thefe 


.1  b  '  f  / 

V 


On  the  'Declivities  of  Mountains.  37 

thefe  latter  are  covered  with  the  fame  beds  of  gneifs,  See.  as 
the  northern  (Ides  of  the  Saxon,  and  thereby  are  rendered 
fmooth  and  gentle  comparatively  to  the  oppofite  fide,  which, 
being  fheltered,  remains  beep  and  abrupt;  which  explains 
the  feventh  pbfervation. 

The  caufes  here  afligned  explain  why  the  covering  of  ad¬ 
ventitious  drata  on  the  highed  mountains  is  generally  thin¬ 
ned;  at  the  greateft  height,  and  thicked  towards  the- foot,  of 
the  mountain;  for  the  bulk  of  the  water  that  contained  the 
adventitious  particles  being  proportioned  to  its  depth,  and 
the  mafs  of  earthy  particles  with  which  it  was  charged  being 
proportioned  to  the  bulk  of  water  that  contained  them,  it  is 
plain,  that  as  the  height  of  wTater  gradually  decreased,  the 
depofitions  from  it  on  the  higher  parts  of  the  mountains 
mud  have  been  lefs  copious  than  011  the  lower,  where  they 
jmift  have  been  oftener  repeated. 

Hence,  z°}  granitic  mountains,  generally  the  mod  antient, 
frequently  have  their  northern  or  eaftern  lides  covered  with 
drata  of  gneifs  or  micaceous  fchiftus,  and  this  often  with 
argillite,  or  primaeval  fanddone  or  limedone,  thefe  being 
either  of  fomewhat  later  formation,  or  longer  lufpendible  ill 
water. 

Hence,  30,  different  fpecies  of  done  are  often  found  at  dif¬ 
ferent  heights  of  the  fame  flank  of  a  mountain,  according  as 
the  water  which  conveyed  thefe  fpecies  happened  to  be  dif¬ 
ferently  impregnated  at  different  heights  :  during  the  fird  aera 
its  depofitions  formed  the  primitive  dony  maflfes ;  but  after 
the  creation  of  fifh,  limedone,  fanddone,'  farcilites,  and  fe~ 
condary  argillites,  in  which  pifeine  remains  are  found,  were 
depofited.  But,  during  the  fecond  rera,  viz.  that  of  the  Noa- 
chian  deluge,  by  reafon  of  the  violence  and  irregularity  of  its 
aggreffion,  the  depofitions  were  more  mifcellaneous,  and  are 
found  at  the  great'ed  heights;  yet,  in  general,  they  may  well 
be  diftinguiftied  by  the  remains  of  land  animals  or  of  vege¬ 
tables,  or  of  both,  which  they  prefen t  in  their  drata  (or  at 
lead  by  the  imprefhons  of  vegetables  which  they  bear),  as 
"thefe  mud  have  been  conveyed  after  the  earth  had  been  in¬ 
habited.  But  mountains  regularly  ft  rati  fed  bearing  fuch  re¬ 
mains. 
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mams,  for  inftance  the  carboniferous,  cannot  be  deemed  to 
have  been  formed  in  a  period  fo  tumultuous.  During  this 
deluge  the  waters  alfo  held  a  different  courfe,  proceeding  at 
fir  ft  from  fouth  to  north,  and  afterwards  in  both  oppofite  di¬ 
rections  in  our  weftern  hemifphere,  as  iliown  in  treating  of 
that  eataftrophe  in  my  fecond  eftay. 

Hence,  and  from  various  contingent  local  canfes,  as  par¬ 
tial  inundations,  earthquakes,  volcanoes,  the  erofion  of  rivers, 
the  elapfion  of  ftrata,  difintegration,  the  difruption  of  the 
lofty  mounds  by  which  many  lakes  were  antiently  hemmed 
in,  feveral  changes  were  produced  in  particular  countries  that 
may  at  firft  fight  appear,  though  in  reality  they  are  not,  ex¬ 
ceptions  to  the  operation  of  the  general  caufes  already  dated. 

Thus  the  mountains  of  Kamfkatka  had  their  eaftern  flanks 
torn  and  rendered  abrupt  by  the  irruption  of  the  general  de¬ 
luge,  probably  accompanied  by  earthquakes.  And  thus  the 
Meiflener  bad  its  eaft  and  north  flanks  undermined  by  the 
river  Warra,  as  Werner  has  fhown  :  thus  the  eighth  and 
fixteenth  ohfervations  are  accounted  for,  as  is  the  thirteenth, 
by  the  vaft  inundations  fo  frequent  in  this  country,  i  Pallas, 
p.  172,  Xvhich  undermined  or  corroded  its  eaft  fide,  while 
the  weftern  were  fmoothed  by  the  calcareous  depofitions 
from  the  numerous  rivers  in  its  vicinity. 

Hence,  4',  we  fee  why  on  different  ftdes  of  lofty  mountains 
different  fpecies  of  ftones  are  found,  as  Pallas  and  Sauffure 
have  ob forced,  2  Sauff.  §  981  ;  a  circumftanee  which  Sauf¬ 
fure  imagined  almoft  inexplicable,  but  which  Dolomieu  has 
ft  nee  happily  explained,  by  ft]  owing  that  the  current  which 
conveyed  the  calcareous  fubftances  to  the  northern,  eaftern, 
and  north-eaftern  ftdes  of  the  Alps,  for  inftance,  was  ftopped 
by  the  height  of  thefe  mountains,  and  thus  prevented  from 
conveying  them  to  the  fouthern  ftdes ;  and  thus  the  north- 
eaftern  ftdes  were  rendered  more  gentle  than  the  oppofite, 
3  New  Roz.  p.  425,  conformably, to  the  theory  here  given. 

Hence,  f,  where  feveral  lofty  ridges  run  parallel  to  each 
other  it  11111ft  frequently  happen  that  the  external  fhould  in¬ 
tercept  the  depofitions  that  do  not  furmount  them,  and  thus 
leave  the  internal  ridges  fteep  on  both  fitles. 


Hence, 
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Hence,  6°,  low  granitic  or  other  primitive  hills  are  fre¬ 
quently  uncovered  by  adventitious  ftrata  on  all  tides,  as  at 
Phanet  in  the  fcounty  of  Donegal,  or  are  covered  on  all  tides' $ 
the  impregnated  waters  either  eafily  palling  over  them,,  or 
ftagnating  upon  them,  according  to  the  greater  or  LefTer  ra¬ 
pidity  of  its  courfe,  and  the  obftacles  it  met  with. 

The  two-fold  motion  of  the  antient  ocean  is  noticed  both 
by  Button  and  Bergman,  but  neither  of  them  has  deduced 
from  it  the  true  explanation  of  the  phenomena  of  which  we 
here  treat,  Buffon  attributes  the  formation  of  fecondary 
mountains  to  depofition  or  fediments  from  the  lea  after  the 
exigence  of  fill),  i  Epoques,  p.  143,  in  8vo.,  which,  he  fays, 
invefted  the  bales  of  mountains,  without  noticing  any  diftinc- 
tion  or  tides,  p.  144  and  170.  He  thinks  thefe  fediments 
were  equally  conveyed  from  both  poles  towards  the  equator; 
for  it  is  in  the  equatorial  regions  that,  he  thinks,  thole  mighty 
caverns  opened,  towards  which  the  primitive  ocean  was  itn- 
petuoufly  borne,  and  in  which  it  was  ingulphed  ;  -p.  181, 
382,  and  183.  If  fo,  fimilar  declivities  fhould  be  formed  on 
the  fouthern  as  on  the  northern  fidesof  mountains ;  which  is 
contrary  to  the  obferved  fads.  His  explanation  of  the  eaftern 
and  weftern  declivities  is  defective  and  erroneous  ;  for  he  at¬ 
tributes  the  abruptnefs  of  the  weftern  fidcs  to  the  eroflon  of 
the  coafts  on  that  fide  (an  erofion  that  exifls  onlv  in  fancy), 
and  the  fmoothnefs  of  the  eaftern,  to  the  gradual  defer  lion 
and  retreat  of  the  fea  on  that  fide,  p.  184  and  183;  a  retreat 
equally  fictitious,  as  De  Luc  has  well  fhown.  Whereas, 
frnee  the  general  motion  of  the  fea  is  from  eaft  to  weft,  if 
the  eroflon  were  of  either  fide,  it  Ihould  rather  be  on  the 
eaftern  than  on  the  weftern  ;  befides,  if  the  gentle  declivities 
of  the  eaftern  fidcs  of  mountains  arofe  from  the  gradual  re¬ 
treat  of  the  fea,  the  petrifactions  of  the  fecondary  mountains 
thus  formed  flioukl  confift  of  luch  fliell-fifti  as  inhabit  {hal¬ 
low  Teas  or  ftiorcs,  whereas  they  confift  chiefly  of  thole  called 
felagic-cc ,  which  inhabit  the  greateft  depths*. 

With  refpect  to  the  eaftern  and  weftern  declivities,  Mr. 
Bergman’s  account  of  the'  origin  of  their  inequality  agrees 
exactly  with  mine,  2  Bergm.  Erdeldotet,  §  183  and  187; 

•:e  2  Bergm.  Erdekugel,  p.  315. 
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tut  he  fails  in  accounting  for  the  inequality  of  the  northern 
and  fouthern,  for  he  fuppofes  the  courfe  of  the  waters  to 
tend  equally  from  both  poles  towards  the  equator ;  which 
would  render  the  depoiitions  equal  on  both  fides  ;  which  is 
contrary  to  obfervatiori. 


VI.  On  the  Identity  of  the  Pyromucous ,  Pyrotartareous ,  and 
Pyroligneous  Acids  5  and  the  Neceffily  oj  not  coif  denng 
them  any  longer  as  dtf  inhi  Acids .  J3y  C.  FoURCROt 
and  Vauguelin  *. 


I.  On  the  Multiplicity  of  the  Vegetable  Acids . 

/V  HEN  Bergman  and  Scheele  had  difcovered  feveraf 
Vegetable  and  animal  acids  before  unknown,  and  had  de¬ 


ft  roved  the  pretended  identity  admitted  in  regard  to  thofe 
bodies,  all  the  eheraifts  employed  themfelves  with  great  zeal 
in  fubjedling  various  vegetable  acid  fublianees  to  a  new  exa- 
Ini nation.  The  number  of  compounds,  which  till  then  had 
been  reduced  to  two  kinds,  mcreafed  fo  much,  that  it  was 
fuppofed  it  would  far  exceed  that  of  the  acids  which  had  been 
difcovered  among  the  foffils,  and  that  it  would  be  impoffible 
to  fet  bounds  to  the  multiplicity  of  thefe  natural  productions 
of  ors;anifed  bodies. 

O  «  .  , 

The  four  liquors,  extracted  by  diftillation  from  mucous 
bodies,  wood,  and  tartar,  though  owing  to  an  artificial  de- 
compofition,  have  been  comprehended  in  the  clals  of  the 
vegetable  acids,  well  characterifed  as'  pofleffing  a  peculiar 
nature:  fome  analogies  founded  oh  their  origin,  their  brown 
Colour,  and  their  burnt  odour,  have  caufCd  them  to  he  re¬ 
ferred  to  a  fpecial  genus,  under  the  name  .of  the  empyreu- 
xnatic  acids*  If  we  collect  the  fabts  which  feem  to  prove 
that  they  are  different  in  nature  not  only  from  the  other 
acids,  but  from  each  other,  they  will  eafi'ly  fhow  that  thefe 
acids  have  not  been  fufficiently  examined  to  he  well5  known ; 
that  chemifls  had  only  very  imperfect  ideas  refpe&ing  their 
nature;  and  that  it  was  for  want  of  accurate  analyfis  that 
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they  were  thought  to  be  different  from  each  other,  and  dif¬ 
ferent  in  their  whole  nature  from  any  other  vegetable  acid. 

II.  Charadters  given  to  the  Pyromucous  Acid. 

Lemery,  Boerhaave,  Neumann,  Cartheufer,  Macquer,  and 
Bucquet,  were  the  firft  who  infilled  on  the  fpecific  characters 
ol  that  acid  which  has  been  called  the  pyromucous  in  the 
Methodical  Nomenclature,  and  which  had  long  been  diftin- 
guifhed  by  the  name  of  /pipit  of  honey ,  of  fugar ,  of  manna , 
of  gum,  Sc  c.  M.  Sebrikel,  in  giving  a  detailed  hiftory  of  the 
analvfis  of  fugar  and  of  this  acid  in  1776,  greatly  enlarged 
and  confirmed  the  ideas  before  conceived  refpeCting  the  pe¬ 
culiar  nature  of  the  pyromucous  acid,  and  all  chemifts  have 
fince  adopted  that  opinion.  It  was  charaCterifed  by  its  dark 
red  colour  when  impure,  and  its  golden  yellow  colour  after 
being  rectified ;  by  its  odour  of  caramel,  its  very  pungent 
tafte,  its  volatility,  nearly  fimilar  to  that  of  water;  by  its 
aCtion  on  the  fkin,  which  it  tinges  reel,  and  on  the  glafs  of 
retorts,  which  it  feems  to  attack.  It  was  believed  to  be  en¬ 
tirely  contained  in  mucous  matters,  and  to  be  only  developed 
by  fire;  it  was  faid  to  be  fufceptible  of  decompofition  by 
heat,  and  of  being  converted  into  gafeous  bodies.  But,  be- 
fides  that  its  fuppofed  aCtion  on  glafs  depended  only  on  the 
adherence  and  penetration  of  the  charcoal  of  the  fugar;  be- 
fides  the  proof,  already  well  eftablifhed,  of  its  non-exiftence 
in  faccharine  and  gummy  matters,  and  of  its  entire  produc¬ 
tion  by  fire,  it  muff  be  allowed  that,  in  examining  what  has 
been  done  in  regard  to  faline  compounds  and  the  attractions 
of  the  pyromucous  acid,  no  refult  had  been  obtained  but; 
vaoue  and  undetermined  notions,  which  feemed  to  excite 
doubt  and  uncertainty  in  regard  to  the  particular  nature  of 
this  acid.  The  reader  will  be  enabled  to  judge  of  the  truth 
of  this  affertion  by  perilling,  in  particular,  the  details  given 
under  the  article  Syrupy  Acid  of  the  Didiionnaire  de  Chimin 
Pncy clops dique,  where  our  learned  colleague  Guyton  has  col¬ 
lected  every  thing  then  known  refpeCting  this  empyreumatic 
acid  :  when  drawing  up,  therefore,  the  article  in  my  Syftem 
of  Chemical  Knowledge,  written  and  printed  feveral  months 
before  the  difedvery  now  fubmitted  to  the  Infiitute,  I  was 
Vol.  VIII.  *  G  not 
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not  able  to  bbtain  the  real  diftinguiihing  characters  of  tho 

to  o 

pyromucous  acid. 


TII.  Characters  afcrihed  to  the  Pyrotartareous  Acid. 

We  are  indebted-  to  Lemery  and  Neumann  for  our  fir  ft 
knowledge  of  this  acid,  furnifhed  by  diddled  tartar,  and  dif¬ 
ferent  from  the  tartareous  acid.  They  found  that  tartar,  by 
di filiation,  gave  the  fourth  of  its  weight  of  acid  phlegm. 
According  to  the  prefcription  of  Neumann,  it  was  to  be  rec¬ 
tified  at  a  gentle  heat;  but  G.  Guyton  was  not  able  to  per¬ 
form  that  operation  with  fuceefs,  and  the  retort  was  always 
broken  by  the  ^xplolTon  which  took  place.  The  empyreu- 
matic  odour  and  tafte  of  this  acid  are  the  two  molt  (hiking 


characters  which  made  it  be  admitted  by  chemifts  as  a  pe¬ 
culiar  acid.  It  is  difficult  to  conceive  why  Vend  thould  take 
this  acid  product  of  diddled  tartar  to  be  nitric  acid,  which 
he  thought  might  be  extracted  alone,  and  in  a  date  of  pu¬ 
rity.  It  is  no  lets  adoni  thing  to  hear  C.  Monnet  maintain, 
in  confequence  of  experiments  made  at  fome  length,  that 
diftilled  acid  of  tartar  is  muriatic  acid,  though  he  really  found 
in  it,  according  to  his  own  acknowledgement,  only  approxi¬ 
mative  characters.  The  academicians  of  Dijon  and  C.  Ber- 
tbollet,  after  repealing  all  the  experiments  of  Monnet,  were 
convinced  that  there  is  no  real  analogy  between  the  acid 
prodiiCt  of  diddled  tartar  and  the  muriatic  acid.  Scheele,  in 
proving  that  there  is  always  a  little  real  muriatic  acid  in  the 
alkali  of  tartar,  infided  on  the  differences  between  this  acid 
and  that  of- tartar.  M,  Fontana  proved  that  the  acid  diftilled 
from  tartar  can  he  entirely  refolvcd  into  carbonic  acid  gas 

O 

and  carbonated  hydrogen  gas  :  fo  that,  by  bringing  it  nearer, 
to  all  the  other  vegetable  acids,  he  removed  further  every  idea 
of  confounding  it  with  the  mineral  acids.  In  the  lad  place, 
Guyton,  in  the  firffc  part  of  the  fird  volume  of  the  Diction- 
naive  de  Chimie  TLncy elope diqne,  publiflied  in  178 6,  after  de¬ 
tailing  all  the. different  opinions  as  well  as  the  principal  fads 
known  refpeCfing  this  acid,  concluded  that  it  would  be  ne-» 
ceffary  to  confider  it  as  a  peculiar  acid;  a  produCt  of  tartar 
altered  by  heat,  didinguifhed  from  the  latter  by  its  being 
incapable  of  crydallifation,  and  by  the  foiuble  fait  which  it 
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forms  with  lime ;  and  he  called  it  the  tartareous  empyreu- 
rnatic  acid.  Thefe  ideas,  adopted  in  1787  by  the  authors  of 
the  Methodical  Nomenclature*-  induced  them  to  diftinguifti 
this  acid  by  the  name- of  the  pyrotartareous  acid.  Since  that 
period,  chemifts  have  continued  to  conftder  this  acid  as  a  dif- 
tiinSt  fpecies,  and  no  one  has  fubjehled  it  to  a  new  examina¬ 
tion, 

IV .  Characters  given  to  the  Pyroligneous  Acid. 

Boerhaave  firft  made  known,  under  the  name  of  acid  fpirit 
of  wood,  the  product  diftilled  from  woody  bodies;  and  he 
even  compared  it  to  a  kind  of  vinegar.  M.  Goetling  has 
given  a  particular  hi  Rory  of  it  in  Crell’s  Chemical  Journal 
for  the  year  1779.  Guyton  made  it  known  afterwards,  under 
the  name  of  the  ligneous  acid,  in  the  firft  part  of  the  Die - 
tionnazre  Ency  elope  digue,  publiftied  in  1786.  He  collected 
all  the  information  then  acquired  refpebting  this  acid,  ac¬ 
cording  to  the  experiments  made  by  the  Academy  of  Dijon. 
Every  kind  of  wood  examined  has  hitherto  fumifhed  by  dis¬ 
tillation  the  fame  acid  5  the  difference  in  regard  to  colour, 
favour,  acrid  odour,  and  particularly  that  of  faline  com¬ 
pounds,  formed  bv  the  liquid  diftilled  from  wood,  have  made 
it  to  bediftinguifhed  from  every  other  acid :  in  the  Methodical 
Nomenclature  it  has  been  called  the  -pyroligneous  acid,  and 
in  my  Syftem  of  Chemiftry  I  clafted  it  with  the  pyromucous 
and  pyrotartareous  acids,  as  forming  with  them  a  kind  of 
acids  compofed  of  fpecies  analogous  to  each  other  in  the 
ratio  of  their  identic  origin,  and  of  fome  comparative  pro¬ 
perties  manifeftiy  depending  on  their  empyreumatic  ftate. 
The  characters  adopted  to  diftinguifti  the  pyro-ligneous  acid 
were,  its  fmoky  fmell,  its  reddiih  colour,  its  property  of 
civiiiff  a  lading  ftain  to  wood,  the  falts  wli'ich  it  formed  with 
alkaline  bales,  and  the  elective,  attractions  which  it  obeyed. 
In  giving  a  fyftematic  explanation  of  the  properties  of  this 
acid,  as  well  as  in  regard  to  thole  of  the  vvromucous  and 
pyrotartareous  acid,  the  want  of  more  accurate  knowledge 
was  always  felt ;  characters  fufficiently  linking  and  well  de¬ 
fined,  proper  to  diftinguifti  thefe  three  acids  from  each  other, 
could  not  be  found ;  and  even  after  they  had  been -clafted 
together  into  a  diitinet  genus,  on  account  of  their  empyreu- 
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matic  nature,  which  gave  them  a  linking  refemblance,  when 
chemifts  wilhed  to  explain  what  were  the  peculiarities  ot 
each  fpecies,  they  were  obliged  to  acknowledge  that  the  exa¬ 
mination  of  thefe  productions  of  fire  had  not  been  carried  to 
a  fufficient  length,  and  that  their  properties  had  not  been  fo 
thoroughly  itudied  as  to  enable  them  to  affign  characters 
fufficiently  linking,  and  to  give  a  correCt  hiflory  of  them. 

V.  Fuji  View  of  the  Acetous  Nature  of  the  'Empyreumatic 

Acids. 

*>  '  4  * 
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Such  was  the  uncertain  flate  of  thefcience  in  regard  to  the 
three  acids  extracted  from  vegetable  matters  by  fire,  when  a 
circumflance,  presented,  as  it  were,  accidentally,  gave  us  an 
opportunity  of  difcovering  a  new  fact  refpeCting  their  nature. 
In  the  courfe  of  thofe  refearches  in  which  C.  Vauquelin  and 
myfelf  have  been  fo  long  engaged  refpeCting  the  chemical 
analyfis  of  vegetable  fubflances,  and  of  the  experiments 
which  we  made  on  the  folid  or  ligneous  parts;  of  plants,  we 
were  employed  fome  months  in  the  examination  of  cork.. 
This  epidermal  covering  of  a  fpecies  of  oak  had  appeared  to 
me,  for  fevcral  years,  to  be  of  a  nature  fo  very  diftinCt  from 
other  vegetable  tiffues  as  to  deferve  a  particular  refearch; 
feveral  experiments  on  the  epidermis  of  other  trees  had  in¬ 
clined  me  to  think  that  in  their  characters  they  approached 
near  to  cork,  and  I  thought  it  my  duty  to  prefent  it  as  one 
of  the  ^immediate  materials  of  plants  under  the  name  of' 
fuher.  Being  defirous  of  carrying  my  firft  eftays  Hill  further, 
and  of  giving  more  extent  to  thefe  firft  ideas,  we  began  to 
employ  ourfelves  this  fummer  on  a  more  exaCt  analyfis  of 
cork.  Having  fubjeCted  a  pretty  large  quantity  of  it,  0’6ilb. 
(three  heCtogrammes),  to  di  ftillation  with  a  naked  fire,  we 
obtained  from  it  a  fourth  of  its  weight  of  a  very  light  and  vo¬ 
latile  oil,  and  almoll  the  fame  quantity  of  a  reddifh  empyreu¬ 
matic  liquid,  which  exhibited  all  the  apparent  characters  of 
the  pyroligneous  acid.  But  this  acid  liquor,  when  examined 
with  more  care,  rectified  and  combined  with  alkalies,  and 
difengaged  from,  its  bafes  by  weak  fulphuric  acid,  loon  exhi¬ 
bited  properties  of  real  acetous  acid,  and,  after  having  fepa- 
rated  it  by  How  diftillation  from  the  portion  of  coloured  oil 
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which  it  held  in  folution,  it  evidently  appeared  to  be  that 
acid. 

When  this  fa£t  was  once  afcertained,  it  was  not  difficult 
for  us  to  prefume  that  the  pyroligneous  acid,  from  whatever 
wood  extracted,  could  only  be  acetous  acid :  we  had  even 
reafon  to  fufpeH  that  the  two  other  empyreumatie  acids, 
were  of  the  fame  nature ;  but  as  a  conjecture,  however  well 
founded,  has  no  real  value  in  phylics,  we  called  in  the  aid 
of  experiment  to  enable  us  to  difcover  the  truth,  or  to  reject 
our  opinion  as  an  error. 

i 

\  I.  New  Examination  of  the  Pyromucous ,  Pyrotartareous% 

and  Pyroligneous  Acids. 

I.  Having  diffilled,  with  great  caution,  fixteen  parts  of 
pure  fugar,  which  furnifhed  us  with  ten  parts  and  a  half  of 
water  charged  with  reddifh  pyromucous  acid,  a  little  more 
than  four  parts  and  a  half  of  light  charcoal,  and  half  a  part 
of  gas,  we  combined  this  acid  liquor  with  lime;  the  liquor 
was  then  evaporated  to  drynefs,  and  afterwards  treated  in  a 
retort  with  weak  fulphuric  acid.  We  thus  obtained  a  pretty 
thick,  clear,  or  very  little  coloured  liquid,  having  a  very  fen- 
fible  acetous  fmell,  and  which,  when  combined  with  potafh, 
gave  a  very  evident  acetite  of  potafh.  This  fait,  indeed,  had 
a  dirty  gray  colour ;  but,  by  filtering  a  warm  folution  of  it 
through  pounded  charcoal,  it  loft  the  oil  which  coloured  it, 
and  became  quite  clear. 

The  acid  product,  obtained  from  the  firft  calcareous  fait 
'  by  the  fulphuric  acid,  was  already  much  lefs  coloured  than 
the  pyromucous  acid ;  it  now  retained  only  very  faintly  the 
fmell  of  caramel  (pan  fugar),  which  charadterifes  the  acetous 
acid. 

When  difengaged  a  fecond  time  from  alkaline  fait  by  the 
fulphuric  acid,  it  was  ftill  purer,  had  nothing  of  its  firft 
origin,  and  now  exhaled  only  a  pure  acetous  odour.  We. 
had  reafon,  therefore,  to  conclude,  from  thefe  experiments, 
that  the  pyromucous  acid  was  nothing  elfc  than  acetous  acid 
united  to  an  empyreumatie  oil  arifing  from  the  decomposi¬ 
tion  of  the  fugar  by  fire. 

Hie  fame  refult  took  place  with  acid  liquors  extracted 
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from  gams,  honey*  manna,  darch,  paper,  and  feveral  other 
vegetable  fubftances  which  are  known  to  yield  pyromucous 
acid  by  diftillation. 

%,  White  and  purified  tartar  gave  by  the  retort  nearly  a 
half  lefs  of  acid  liquor,  than  f’ugar  furn  idled  of  pyromucous 
acid.  This  tartareous  acid  produdl,  obtained  by  a  well  re¬ 
gulated  heat,  was  almoft'tranfparent,  and  had  not  the  red- 
difh-brown  colour  of  the  empvreumatic  acids  extracted  by 
means  of  a  ftrong  heat.  It  however  had  an  acrid  empy- 
reurnatic  odour,  a  heavy  and  highly  coloured  oil  floated  over 
it,  and,  notwithdanding  its  pungent  nature,  it  would  havp 
been  difficult  to  ascertain  it  to  be  acetous  acid  by  this  tingle 
experiment :  but  it  did  not  long  deceive  us.  Having  fatu- 
rated  it  with  potafh  immediately,  on  account  of  its  little 
colour  and  impurity,  we  diddled  it,  after  being  evaporated 
to  drynefs,  with  diluted  fulphuric  acid,  and  it  furnithed  acetous 
acid,  eafy  to  be  diftinguifhed  as  fuch,  without  any  mixture  of 
empvreu’ma. 

We  found  that  by  diftilling  pyrotartareous  acid,  even  not 
rectified  and  in  a  red  tlate,  from  off  pounded  charcoal,  previ- 
oudy  well  lixiviated  and  carefully  dried,  it  lod  by  this  fimj)le 
operation  its  empyreumatic  nature :  we  are  even  perfuaded 
that  mere  filtration  of  this  acid  warm,  through  charcoal,  fe¬ 
veral  times  repeated,  would  be  fufficient  to  feparate  from  it 
the  oil,  and  to  bring  it  to  the  date  of  acetous  acid  almod  pure. 

No  doubt,  therefore,  can  remain,  that  the  pyrotartareous 
acid  is  acetous  acid  rendered  impure  by  a  portion  of  empy¬ 
reumatic  oil  produced  by  the  decompofition  of  the  tartareous 
acid  by  caloric. 

3.  The  pyro-Iigneous  acid  obtained  from  {havings  of  beech 
wood,  diddled  with  care,  formed  with  lime  a  brown  fait  not 
crydallifable.  This  fait,  when  treated  with  very  weak  ful- 
phtirie  acid,  ,  gave  acetous  acid,  known  by  its  lined,  the  de- 
liquefcent  acetite  it  formed  with  potafh,  or  the  crydallifable 
acetite  obtained  from  it  with  foda. 

Another  portion  of  the  fame  primitive  pyroligneous  acid., 
when  immediately  united  to  potafh,  and  dltered  in  its  dilu¬ 
tion  through  powdered  charcoal,  gave  an  acetite  of  potafh 
aknod  colourlefs,  from  which  weak  fulphuric  acid  difengaged, 

1  by 


Pyro  tar  tar  eons,  and  Pyroligneous  Acids.  47 

by  diftillation,  very  pure  acetous  acid,  almoft  without  empy- 
reumatic  odour  or  fumes. 

It  mu  ft  here  be  obferved  tlfat  the  pyroligneous’  acid,  that 
of  the  three  acids  obtained  by  fire  which  has  the  moft  linking 
empyrcumatic  odour  and  character,  is  alfo  one  of  the  three 
moft  difficult  to  be  purified,  and  to  be  carried  to  the  ftatc  of 
very  pure  vinegar.  It  does  not,  therefore,  aflume  the  nature 
of  the  laft,  as  the  tartareous  acid  does,  by  filtration  alone, 
nor  even  by  two  fucoeftive  diftillations  from  off  powdered 
charcoal.  By  employing  even  the  aid  of  ebullition  and 
ftrong  agitation  with  charcoal,  it  cannot  be  deprived  of  its 
oil,  while  both  of  thefc.  proceifes  fucceed  with  certainty  and 
calc-fin  purifying  the  pyromucous  acid,  which,  indeed,  gives 
up  with  moft  cafe  its  oil;  and  even  in  purifying  the  pyrotar- 
tareous  acid,  though  it  be  a  little  more  difficult  to  feparate  its 
oil  than  that  of  the  pyromucous  acid. 

But  though  it  is  more  refractory  in  oppofing  purification, 
and  that  kind  of  analyfis  of  which  I  here  fpeak,  it  is  no  lefs 
proved,  that  the  pyroligneous  acid,  like  the  two  preceding,  is 
only  acetous  acid  impregnated  with  empyrcumatic  oil,  pro¬ 
duced  from  wood  altered  by  heat. 

VII.  Artificial  CoTVuerJlon  of  the  pure  Acetous  Acid  into  the 
Pyromucous,  Pyr  otari  are'ous ,  ana l  Pyroligneous  Acids. 

The  preceding  experiments  might  be  fufficient  to  make  us 
acquainted  with  the  identic  and  real  acetous  nature  of  the 
th  ree  empyrcumatic  acids,  which  have  been  hitherto  confi- 
dered  as  forming  three  diftinct  acids,  and  belonging  to  a 
genus  well  cka racier! fed.  But  to  thefe  experiments  a  fupple- 
rnent  was  ftill  wanting;  it  was  neceffary  to  inquire  whether 
it  was  not  pqffible  to  imitate  thefe  acids  with  that  of  vinegar, 
by  adding  what  feemed  to  be  added  to  it  in  each  of  thefe  acids 
produced  by  fire. 

It  was  before  fully  proved  that  each  of  thefe  products  of 
diftillation  differed  from  the  other  two  by  an  empyrcumatic 
oil  united  to  it  by  the  effect  of  its  diftillation  alone.  It  was 
very  eafv,  therefore,  to  try  to  diftil  vinegar  from  off  oils  d’if- 
tilled  from  a  mucilage,  tartar,  and  \C00d.  This  trial  was 
attended  with  all  the  fuccefs  that  could  be  expected.  Acid 
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of  vinegar,  heated  in  a  retort  with  each  of  thefe  three  oils* 

^  '  v 

furnifhed  a  coloured  and  odorous  product  exadtly  of  the 
fame  nature  as  primitive  pyromueous,  pyrotartareous,  and 
pyroligneous  acids :  the  odour  and  fmell  of  thefe  acids  were 
very  perceptible ;  only  thefe  factitious  enipyreumatic  acids 
were  a  little  ftronger  and  fourer  than  thofe  arifing  from  diff 
filiation,  but  nothing  more  was  necelfary  to  carry  them  to 
the  fame  ft  ate  of  weaknefs  than  to  add  to  them  a  little  water. 

By  repeated  trial  we  obtained  a  manner  of  forming  with 
the  acid  of  vinegar  the  three  empyreumatic  acids  much 
fpeedier,  and  in  a  more  fimple  manner,  than  by  diffillation. 
We  found  that  it  was  fufficient  to  throw  fome  drops  of  the 
empyreumatic  oil  of  mucilages,  of  tartar,  or  of  wood,  into  the 
acetous  acid,  to  buffer  them  to  remain  fome  time  together,  or 
to  (hake  them  ftrongly,  to  imitate  thefe  acids  made  by  fire* 
The  oil  almoft  immediately  unites  with  the  acid,  diffolves  irf 
it,  gives  it  a  red  or  brown  colour,  and  communicates  to  it, 
at  the  fame  time,  the  acrid  odour  and  bitter  pungent  take 
known  in  the  pyromueous,  pyrotartareous,  and  pyroligneous 
acids. 

The  acetous  acid  is  then  a  real  folvent  of  empyreumatic 
oiff,  and  in  that  cafe  it  affumes  the  characters  of  the  acid 
liquors  or  odorous  fpirits,  as. they  were  formerly  called,  which 
iffue  from  vegetable  mi  afters  treated  by  fire.  To  feparate 
thefe. oils  diffolved  in  the  acetous  acid,  and  to  bring  back  the 
latter  to  its  purity  and  to  its  primitive  limplicity,  the  fame 
means  rnuft  be  employed  as  for  freeing  the  acetous  acid  from 
the  empyreumatic  acids  united  to  it  when  obtained  by  dif- 
tillation,  viz.  filtration,  agitation,  ebullition  with  charcoal, 
union  with  lime  and  alkalies,  and  the  difengagement  offthefe 
combinations  bv  weak  fulphuric  acid. 

j  i  '  » 

It  is  to  this  folubility  of  oils  in  the  acetous  acid,  that  the 
odour  which  this  acid  fo  eafily  acquires  and  retains  feems  to 
he  owing :  it  is  to  it  that  we  muff  afcribe  the  diflinClion  of 
a  great  number  of  empyreumatic  acids,  which  feveral  ehe-^ 
mi  fits  have  been  induced  to  make,  and  which  they  could  not 
avoid  doing,  while  continuing  to  ecnfider,  in  the  acid  pro¬ 
ducts  of  diltilled  vegetable  matters,  the  odour,  colour,  and 
favour,  as  characters  proper,  if  not  for  pofi lively  afcertaining, 
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fet  leaft  for  conjecturing  them  to  be  acids  different  from  each 
other  ;  and  efpecially  by  comparing  thefe  characters  in  acid 
products  furnifhed  by  kinds  of  wood  very  different  in  their 
properties,  and  confequently  in  their  products. 

VIII.  PcflePiions  on  the  Frequency  and  the  Nature  of  the 
different  Proceffes  which  furnijh  Acetous  Acid . 

After  having  proved -that  mucilages,  faccharine  bodies^ 
ffeculre,  as  well  as  wood  and  tartareous  compounds,  give  by 
diftillation  real  acetous  acid,  concealed  in  the  products  of 
each  of  thefe  bodies  by  a  portion  of  oil,  having  a  peculiar 
odour,  fm'ell,  and  colour;  and  that,  confequently,  we  ought 
to  deduCt  from  the  number  of  the  vegetable  acids  thefe  three 
empyreumatic  acids,  we  thought  it  might  be  ufeful  to  fcience 
to  give  fome  obfervations  here  on  the  production  of  the 
acetous  acid.  The  knowledge  which  the  chemical  art  pof- 
feffes  at  prefent  refpedting  this  production,  though  much 
more  extenfive  than  formerly,  has  never  yet  been  collected 
into  any  work;  it  may,  however,  be  of  great  importance  in 
%regetable  analyfis :  fuch  is  the  motive  which  induced  us  to 
prefent  a  fhort  view  of  it,  without,  however,  entering  into 
all  the  details  which  the  fubjeCt  might  require  in  a  fyftematic 
work. 

The  formation  of  the  acetous  acid,  which  has  always  been 
believed  to  be  neceffarily  produced  by  a  fermentation  pecu¬ 
liar  to  vinous  liquors,  is  fo  frequent  in  the  proceffes  of  art 
and  the  operations  of  nature,  that  it  is  indifpenfably  necef- 
fary  to  make  it  a  general  phenomenon,  and  to  ffudy  this 
phenomenon  under  the  name  of  acetif cation ,  as  proper  to 
throw  light  on  the  chemical  properties  of  organifed  bodies. 
We  may  confider  it  either  in  regard  to  lubftances  fufceptible 
of  acetification,  or  in  regard  to  circumftances  which  favour 
transformation  into  acetous  acid. 

Under  the  firft  point  of  view,  befides  vinous  liquors,  which 
Were  firft  found,  and  long  thought  to  be,  the  only  ones  ca¬ 
pable  of  acetification,  we  have  found  a  multitude  of  bodies 
fufceptible  of  experiencing  this  change.  There  is  fcarcely 
any  vegetable  extract  in  which  acetites  are  not  found  :  fap, 
if  it  has  been  kept  only  a  few  hours,  contains  fome  of  it| 
Vol.  VIII.  H  even 
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even  different  kinds  of  mould  itfelf  arc  charged  with  it,  as  rmtT 

D  J  J 

be  eafilv  proved  by  di  till  ling  them  with  a  little  diluted  fal- 
phuric  acid :  tan,  when  heated,  emits  an  odour  of  vinegar, 
and  furnithes  forne  of  it  by  the  fame  treatment :  water  in 
which  pulfe,  cabbages,  carrots,  turnips,  potatoes,  cucum¬ 
bers,  the  pods  of  French  beans,  &c.  have  been  fteeped  and 
grown  four,  is  exceedingly  acetous  :  the  water  from  the  tiarch 
manufactories  is  the  fame  :  the  juices  of  acid  fruits,  thofe  of 
apples,  pears,  goofeberries,  ftrawberrres,  r a f p b e r r ie s ,  c h e r r i e s , 
oranges,  and  lemons,  when  expofed  fome  hours  to  the  warm 
air,  a tlmne,  along  with  a  ftrong  and  pungent  odour,  a  tafle 
differently  and  more  ftrongly  acid  than  that  which  they  had 
naturally;  befides  perceiving  in  them  acetous  acid,  you  will 
obtain  it  pure  and  infulated  by  fubjecti'ng  thefe  jukes  to  dif- 
f illation.  It  is  well  known  from  the  experiments  of  Scheele, 
that  milk  in  becoming  four  gives  acetous  acid ;  we  have 
found  that  bouilli  and  animal  jelly  form  this  acid  alfo :■  in  a 
word,  we  have  fa  id  in  other  memoirs  that  the  urine  of  the 
mammiferre,  and  that  of  man  in  particular,  had  the  pro¬ 
perty  of  becoming  acetous,  and  gave  a  great  quantity  of  very 
ilroiig  acid  by  di  {Filiation. 

Thus  the  number  of  the  fubftances  fufceptible  of  aceti fl¬ 
ea  t  ion  is  very  confide  rable  r  extradfive  matter,  mucilage,  fac- 
eharme  bodi€s,  fsecula,  and  {larch;  even  ligneous  bodies, 
tan,  the  greater  part  of  the  primitive  vegetable  acids,  the  ge¬ 
latin  of  animals,  the  cafeous  matter,  and  even  uree,  that  body 
peculiar  to  urine,  and  which  charadterifes  it  by  its  remark¬ 
able  properties,  all  thefe  produdis  of  vegetable  and  animal 
organifation  and  life  are  equally  fufceptible  of  acetification. 

It  is  true,  that  the  eircumftances  under  which  we  have 
preferred  their  converfion  into  acetous  acid,  feena  all  to  be¬ 
long  to  a  fermentation,  and  that  it  might  be  thought  that 
they  follow  a  formation  more  or  lefs  ftriking  or  fugitive  of 
vinous  matter,  but  it  remains  for  us  to  (how  that  thefe  mat¬ 
ters  may  be  acetified  by  phenomena  or  caufes  different  from 
fermentation ;  and  this  fadt  is  already  proved  by  the  acid 
produdiions  of  the  diftillation,  which  form  the  principal  f ab¬ 
ject  of  this-  memoir.  It  is  here  feen  that  the  adfion  of  fire 
really  acetifies  gums,  mucilages,  tartrites,  v/ood,  A  know- 
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ledge  of  the  chemical  phenomena  exhibited  by  vegetable 
f ub fiances  in  regard  to  their  acidification  in  general,  enables' 
us  to  obferve  and  diftinguifh  four  cbrcurii  fiances  which  pro¬ 
mote  their  acelibcatiou  or  con  verb  on  into  acetous  acid. 

The  hrft  is,  the  deco rn poling  act  ion  of  the  fire  in  diitil la- 
don.  Without  here  entering  into  more  extend ve  details  on 
this  fubjedfc,  which,  when , we  confide i  the  object  of  this  me¬ 
moir,  are  lets  neceffary,  we  hi  a  11  content  ou  Helves  with  ob- 
fe  rving,  that  this  action  of  caloric,  bv  &ifu  rating  the  con- 
flituent  principles  of  vegetable  matters,  combines  a  part  of 
them  in  Inch  a  manner  as  to  give  birth  to  acetous  acid;  and 
that  this  con  verb  on  is  accompanied  with  the  formation  of 
•watfr,  the  formation  and  difengagement  of  gafeous  carbonie 
acid,  and  the  precipitation  of  carbon  in  the  ft  ate  of  charcoal. 

The  fecond  inode  of  acet  if  cation  of  vegetable  compounds 
is  that  aribng  from  the  attion  of  powerful  acids,  and  parti¬ 
cularly  of  the  fulphurie,  the  nitric,  and  the  oxygenated  mu¬ 
riatic  on  thefe  compounds.  This  kind  of  production  takes 
place  in  gums,  fugar,  extradls,  and  gelatin,  when  treated  by 
acids  ;  the  greater  part  of  the  other  vegetable  acids,  and  even, 
alcohol  itfelf,  often  experience  fuch  a  change  by  the  decom- 
pobng  influence  of  the  acids  above  mentioned.  While  this 
kind  of  acetib cation  takes  place,  there  are  formed  alfo  water 
and  carbonic  acid ;  fometimes  carbon  likewife  is  depobted. 
We  molt  here  add,  that  this  acetibeation  is  the  lab;  term  of 
vegetable  acidification  in  general,  bnc.e  in  treating  acetous 
acid  by  the  fame  decompobng  action  of  the  mineral  acids, 
you  deftroy  its  acetous  nature,  and  make  it  pafs  to  the  bate 
of  water  and  carbonic  acid,  as  is  the  cafe  in  every  vegetable 
decompobtion  carried  to  its  maximum . 

The  third  mode  of  aeetibeation  is  the  okleb  known  of  the 
whole,  and  the  only  one  formerly  admitted  :  it  is  the  acetous, 
fermentation  that  converts  ail  the  different  kinds  of  wine  into 
vinegar:  in  this  there  is  neither  a  precipitation  of  carbon,  nor 
difengagement  of  carbonic  acid.  It  is  well  known  that  it 
takes  place  in  confequence  of  an  abforption  of  the  oxygen  of 
the  atmolphere,  and  that  it  fuppofes  the  preexihence  of 
vinous  liquors. 

In  the  laft  place,  we  conbder  as  the  fourth  and  laft  mod 
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of  acetilication,  a  kind  of  peculiar  fermentation,  which  does 
not  require  the  prefence  of  wine,  which  takes  place  in  mat¬ 
ters  foreign  to  the  nature  of  vinous  liquors,  and  which  has 
fome  relation  to  putrid  decompofition.  It  is  that  obferved 
in  animal  liquors  abandoned  to  themfelves,  and  particularly 
in  urine. 

Each  of  thefe  modes  of  acetification,  though  equally  giving 

birth  to  acetous  acid,  and  fuppofing  the  fame  compofitioft 

from  which  that  acid  arifes,  fince  it  is  the  fame  in  every  cafe 

when  it  has  been  purified,  admits,  however,  a  difference  in 

the  produfts  which  accompany  it.  Each  of  the  acetous  acids 

arifing  from  it,  prefents  indeed  a  fpecific  char  after  proper  for 

making  it  known  and  for  indicating  the  fourcc  which  has 
o  o 

given  birth  to  it. 

Thus,  i ft.  The  acetous  acid  obtained  by  fire  is  empyreu- 
rnatic ;  it  holds  in  folution  an  acrid  oil,  which  gives  it  a  pe¬ 
culiar  odour,  colour,  and  favour. 

sd,  Factitious  acetous  acid,  produced  by  the  aftion  of 
other  acids,  is  charafterifed  by  the  prefence  of  the  malic,  or 
of  the  oxalic  acid,  formed  at  the  fame  time  as  itfelf,  and  by 
its  weaknefs,  depending  on  the  proportion  of  the  water, 
which  is  alfo  formed  with  the  three  preceding  acids. 

3d,  The  acetous  acid  arifing  from  wine  contains  tartar, 
alcohol,  and  a  colouring  matter,  which  give  it  a  peculiar 
character.  It  is,  as  has  been  faid,  a  fpirituous  acid. 

4th,  In  the  laft  place,  the  acetous  acid  produced  by  putrid 
fermentation  is  always  united,  in  whole  or  partially,  to  am¬ 
monia,  which,  like  it,  arifes  from  this  feptic  commotion. 

But  whatever  may  be  the  matters  or  new  compounds 
united  to  the  acetous  acid  formed' under  any  of  the  four  cir- 
cumftknces  abovementioned,  this  acid,  capable  of  being  fe- 
pa rated  with  greater  or  lefs  eafe  from  each  of  thefe  fub- 
ftances,  is  always  the  fame,  and  always  fimilar  to  that  ex¬ 
tracted  from  four  wine  by  the  help  of  diftillation. 

It  miift  therefore  be  now  admitted  that  the  acetous  acid  is 
not  the  foie  and  neceftary  produft  of  the  fermentation  of 
wine,  and  that  its  produftion,  exceedingly  frequent,  is  one 
of  the  1110ft  conftant  phenomena  of  vegetable  and  animal 
artaiyhs,  *■  . 

VII,  Account 


[  S3  1 


VII.  Account  of  a  fatal  Accident  which  happened  to  a  Tra* 
seller  on  the  Glacier  of  Buet ;  with  fame  Cautions  to  thofe 
who  through  Curiojity  may  Gift  the  Mountains  of  Swiffer-r 
land ,  and  particularly  the  Glaciers .  By  M.  A.  Pictet^ 
Prof  effort  of  Bhilofophy 

Sentiment  of  curioflty,  exceedingly  natural,  induces 
travellers  from  all  parts  of  Europe  to  vifit  Mont  Blanc,  the 
highefl  point  of  the  old  world,  and  to  examine  the  furround¬ 
ing  glaciers.  Since  the  memorable  afcenfion  of  the  learned 
hiftorian  of  the  Alps,  thefe  places  have  acquired  a  new  de¬ 
gree  of  intereft :  the  geologue,  the  mineralop'ift,  and  the 

O  O  /  O  '  O  * 

mere  amateur  repair  thither  with  avidity ;  and  even  women 
are  amply  indemnified  for  the  fatigue  of  the  journey  by  the 
pleafure  arifing  from  the  view  of  objedts  entirely  new  to 
them,  and  by  the  amiable  and  friendly  reception  they  meet 
with  front  the  inhabitants.  Every  thing  unites  to  make 
this  excurfion,  which  is  attended  with  no  real  dangers,  the 
ufual  objedt  of  all  curious  travellers  who  vifit  Geneva  and  its 
environs.  v 

The  more  this  journey  prefents  attractions,  the  more  it  is 
of  importance  to  make  known  the  dangers  to  which  travel¬ 
lers  who  undertake  it  may  be  expofed  merely  by  imprudence 
or  inattention.  Our  principal  view  is  utility,  and  without 
doubt  it  is  of  utility  to  make  known,  in  all  places  where  this 
journal  may  circulate,  dangers  which  are  indeed  great  to 
thofe  ignorant  of  them  or  who  forgot  them,  but  of  little 
importance  to  thofe  who  are  forewarned  or  cautioned  to 
avoid  them.  Had  we  treated  this  fubjedt  feme  years  ago, 
the  fatal  accident  which  lately  took  place,  and  to  which  we 
were  almolt  witneffes,  would  not,  perhaps,  have  happened. 
This  refledfion  will  not  allow  us  to  hefitaie  any  longer.  The 
experience  I  have  acquired  by  travelling  among  the  mountains, 
either  when  accompanying  my  illuftrious  friend  Sauflure,  or 
in-  ten  journeys  undertaken  to  the  glaciers  of  Chamouni 
in  particular,  will  perhaps  entitle  me  to  fome  confidence 
front  thofe  whom  I  am  defirous  of  faving  from  nneafinefs  or 

*  From  Bibliothccy.e  Britanniqiie ,  No.  112. 


danger : 


54  Fatal  Accident  which  happened  to 

danger :  I  (hall,  however,  refer  to  the  end  of  this  article  the 
cautions  in  this  refpebt  which  have  been  fuggefted  to  me  by- 
experience,  and  {hall  proceed  to  an  account  of  that  event 
which  induced  me  to  take  up  my  pen  on  the  prefent  fubjedt. 

C.  d’Eymar,  prsefedt  of  Leman,  an  enlightened  lover  of 
the  arts,  and  a  paffionate  admirer  of  the  beauties  of  nature, 
having  lately  propofed  to  vifit  the  glaciers  of -Chamouni,  a 
canton  which  at  prefent  forms  the  eaftern  boundaries  of  the 
department  under  his  adminiftration,  invited  me  to  accom¬ 
pany  him  ;  and  I  readily  embraced  his  obliging  offer.  We 
let  out  on  the  yth  of  Auguft,  and  ftept  the  firft  night  at  Sal- 
lenehes,  as  travellers  do  in  genera]. 

Next  morning,  during  our  fir  ft  hour’s  march,  we  met  a 
young  man  on  foot,  accompanied  by  a  .pedant  who  was 
■carrying  a  valife.  We  were  (truck  with  the  melancholy  and 
dejecied  air  of  this  peafant.  When  we  arrived  at-Servoz, 
three  leagues  from  Sallenches,  we  learned  from  Deville,  a 
very  intelligent  and  experienced  guide  who  attended  us,  that 
the  morning  of  the  day  before,  a  ftranger,  the  companion  of 
the  young  man  we  had  met,  being  with  his  friend  and  a 
guide  on  the  glacier  of  Brief,  had  fuddenly  disappeared,  at  the 
diftance  of  fome  paces  before  them,  in  a  crevice  of  the  glar 
cier  covered  with  fnow,  which  had  given  way  under  his  feet. 
When  they  reached  the  mouth  of  the  crevice,  the  bottom  of 
which  they  could  not  perceive,  the  two  ftirvivors'called  out 
a  great  number  of  times,  but  in  vain,  to  their  unfortunate 
companion  (wallowed  up  in  the  abyfs  ;  and  they  did  not  quit 
the  place  till  they  had  loft  all  hope  of  his  f’afety.  M.  Zimpf- 
fen,  the  young  man  whom  we  met,  when  he  arrived  at  Ser- 
voz,  had  given  Deville  acommiffion  in  writing,  to  endeavour, 
if  poffible,  to  difeover  the  body  of  M.  Efchcn,  his  friend,  and 
to  caufe  it  to  be  interred. 

As  (carcely  twenty-four  hours  had  elapfed  ftnee  the  event, 
the  fenfible  mind  of  d’Eymar  was  (truck  with  a  rav  of  h(*pe, 
and  he  immediately  and  officially  enjoined  Deville  (for  he 
heft tated,  and  net  without  reafon)  to  furniffi  himfelf  with  the 
neceffary  means,  to  let  out  in  the  utnioft  hafte,  accompanied 
by  fuch  a  number  of  men  as  he  prefumed  might  be  necef- 
iarv,  and  to  give  him  an  account  of  whatever  ffiould  be  the 
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remit.  It  was  at  lea  it  a  journey  of  nihe"hours  from  Scrvoz 
to  the  glacier  in  quedion ;  and  as  this  glacier  did  not  form 
any  part  of  thofe  we  intended  to  vifit,  it  was  impoffible  for 
us  to  be  informed  of  the  iffiie  of  the  propos'd  fearch  till  we 
pailed  Cicrvoz  on  our  return  from  Ch  amount,  to  which  we 
continued  our  route  not  without  dejection. 

It  is  with  regret  that  I  am  obliged  to  omit  the  details  of 
fho  day  we  made  in  this  in te refling  valley ;  they  have  a  cha¬ 
racter  which  will  always  be  imprinted  in  my  remembrance. 

they  would  be  foreign  to  the  prefent  ohjeCL  However, 
while  the  brave  Dcville  and  his  companions  are  engaged 
with  their  enterprrfe,  I  Hall  venture  to  fufpend  the  impa- 
tienee  of  my  readers  for  a  few  moments  in  order  to  make 
them  acquainted  with  the  glacier  of  Buet,  and  the  motives 
which  might  induce  travellers  to  vifit  it. 

Ft  is  to  Me  firs.  De  Luc,  the  two  brothers,  that  philofo- 
phers  and  natural  ills  are  indebted  for  difeovering  the  poffi- 
bih.ty  of  reaching  this  fummit  covered  with  eternal  mow.  It 
is  an  infulated  mountain  fituated  in  front  of  the  central  chain 
to  which  Mont. Blanc  and  its  glaciers  belong,  and  feparated 
from  them  by  a  lower  chain  that  runs  in  a  parallel  direction* 
Ibis  glacier  may  be  feen  from  Geneva  immediately  on  the 
left  of  the  Mole.  It  appears  under  the  form  of  a  ridge  not 
very  falient,  and  which  feems  to  be  eafy  of  accefs.  Me  firs, 
De  Luc  were,  however,  deceived  in  \  this  refpeCl,  and  the 
account  of  three  attempts  they  made  to  reach  it,  the  lad  of 
which  alone,  on  the  20th  of  September  1777,  was  attended 
with  fuccefs,  is  one  of  the  mod  interettino'  epifodes  to  be 
found  in  the  works  of  any  naturalid.  It  was  a  defire  to  dis¬ 
cover  the  law  which  the  decreafe  of  heat  in  boilipg  water 
follows  in  proportion  as  it  is  raifed  in  the  atmdfphere,  that 
induced  them  to  vifit  this  mountain,  and  to  brave,  three  dif¬ 
ferent  times,  difficulties  and  dangers  of  various  kinds  to 
which  they  were  expofed  in  attempting  to  reach  a  fummit 
that  may  be  considered  as  the  utmod  pofiible  boundary  of 
philofophical  obfervation.  Honour  to  that  fcience  which 
inipires  courage  fo  perfevering,  and  wdiich  produces  it  m 
Succeeding  generations!  Our  daring  countrymen  never  mf- 
peCted  that,  feyenteen  years  after  this  expedition,  Saw  fibre 
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would  repeat  their  experiment  on  Mont  Blanc  itfelf^  that  is 
to  fay,  about  850  toifes  higher  than  they  were  able  to  afcend 
after  great  danger  and  fatigue. 

Some  years  ago,  a  much  eafier  route  for  arriving  at  the 
fummit  of  Buet  or  La  Mortine  (for  it  is  known  by  that  name 
alfo)  than  that  followed  by  Meffrs.  De  Luc  was  difcovered* 
and  by  this  route  I  afcended  it  twice  without  experiencing 
any  difficulty.  You  fir  ft  deep  at  Chalets  de  Villy,  the  laft 
place  of  pafture  of  the  valley  which  begins  at  Servoz  and 
terminates  at  the  glacier  of  Buet.  From  Villy  you  proceed 
to  the  Col  de  Salenton  by  a  path  practicable  for  mules ;  you 
then  encounter  the  mountain  on  its  eaftern  and  fouthern 
fides,  and,  paffing  alternate  declivities  of  fnow  and  date, 
reach  the  fummit  at  the  end  of  two  hours  and  a  half.  The 
mean  of  two  obfervations  of  the  barometer  which  I  made 
there,  and  which  were  very  little  different  in  their  refill  ts, 
gave  me  1594  toifes  for  its  height  above  the  level  of  the  fea. 

The  mountain  itfelf  prefen ts  nothing  very  interefting  in  a 
lithologic  point  of  view ;  it  confifts  of  date  intermixed  with 
veins  of  rotten  quartz,  or  quartz  dmilar  to  ftala&ites;  but  as 
a  belvidere,  nothing  in  my  opinion  exifts  that  can  be  com¬ 
pared  to  it.  You  here  embrace  at  one  view  the  whole  fpace 
comprehended  between  Jura  011  the  weft,  as  far  as  the 
mouths  of  the  Rhone  on  the  eaft,  and,  on  account  of  this 
circumftance  alone,  I  conddered  this  mountain  as  exceedingly 
proper  for  receiving  dgnals  in  an  intended  meafurement  of 
a  degree  of  latitude  and  two  degrees  of  longitude  in  the  pa¬ 
rallel  of  Geneva  ;  a  plan  which  may  be  found  detailed  in  a 
memoir  publifhed  in  the  Philofophical  TranfaCtions  of  the 
Royal  Society  of  London  for  the  year  1791 

In 

*  I  cannot  convey  a  better  idea  of  the  fituation  of  this  fpot  than  by 
quoting  the  words  of  M.  De  Luc  : — “  It  is  difficult  to  give  a  defcriptioh 
in  words  when  they  do  not  awaken  fenfations  which  have  been  felt ;  I 
do  not,  therefore,  fatter  myfelf  with  the  hope  of  exciting  in  the  minds 
of  my  readers  thofe  which  I  then  experienced.  The  mod  profound  filence 
prevailed  in  thcle  regions ;  we  perceived  that  they  were  not  made  for 
living  beings ;  they  were  as  little  known  to  our  guides  as  to  us.  The 
Champis  goats,  never  approach  them,  and  confequently  no  hunter  had  ever 
afcended  fo  far. 
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T11  my  fecond  journey  to  mount  Buet5  I  was  under  the 
ddagreeable  neceflity  of  being  conltantly  enveloped  by 

clouds 

“  This  fenfation  of  profound  folitude  was  one  of  thofe  which  we  could 
moft  eafily  explain,  but  it  does  not  explain  our  fituaiion.  We  were  on 
an  immenfe  extent  of  fnow,  the  whitenefs  of  which  nothing  altered.  The. 
rays  of  the  fun,  redchted  in  a  ftraight  line  from  the  fnow  towards  that 
luminary,  fhowed  us  how  fm'ooth  it  was ;  and  this  fmoothnefs  the  imagina¬ 
tion  extended  to  every  thing  around.  We  law  nothing  but  this  fnow,  and 
the  heavens,  towards  which  it  was  terminated  in  various  folds,  delicately  „„ 
rounded  like  thofe  beautiful  argentine  clouds  which  ‘ are  fometimts  feen 
floating  majeftically  in  the  pure  atmofphere.  This  was  exactly  what  pro¬ 
duced  the  extraordinary  fenfation  which  we  then  experienced.  We  actu¬ 
ally  thought  ourfelves  fufpended  in  the  air  on  one  of  thefe  clouds. —  And 
what  kind  of  air  ?  Never  had  we  before  feen  it  of  fuch  a  colour.  It  was 
blue,  dark  and  bright  at  the  lame  time,  which  produced  an  inexpref- 
flble "fenfation  of  immenfity. 

“  it  was  near  noon  when  we  arrived  ;  and,  on  railing  our  heads  above 
the  veil  which  fo  long  concealed  from  us  the  eaftern  part  of  the  horizon, 
we  fuddenly  difeovered  the  immenfe  chain  of  the  Alps  in  an  extent  of 
more  than  fifty  leagues.  On  whatever  fide  we  turned  our  eyes,  the  whole 
horizon  was  covered  with  mountains.  Its  boundary  on  the  weft  was  no¬ 
thing  but  the  thicknefs  of  the  air  5  for  we  overlooked  the  chain  of  Jura, 
diftant  about  thirteen  or  fourteen  leagues,  fo  much  that  we  could  have  feen 
the  plains  of  Franche-Comte  and  Burgundy,  if  the  air  had  been  fufficiently 
tranfparent.  On  the  fouth-weft  our  view  extended  as  far  as  Mount  Cenis, 
and  on  the  north-eaft  probably  as  far  as  Saint  Gerhard.  We  were  far 
raifed  above  all  the  defiles  of  the  Alps,  and  only  a  few  of  their  peaks 
were  elevated  above  us. 

“  in  all  this  vaft  fpace,  where  mountains  were  accumulated  on  each 
other,  we  could  difeover  no  plain  but  in  a  fmall  corner  to  the  weft,  the 
middle  of  which  was  occupied  by  Geneva  ;  and  on  the  north-eaft  we  faw, 
almoft  from  one  end  to  the  other,  the  large  valley  through  which  the 
Rhone  flows,  from  the  place  where  it  falls  from  the  mountains,  as  far  as 
Sion,  the  capital  of  the  Valais,  diftant  from  the  place  where  we  were  nine 
or  ten  leagues.  All  the  reft  was  filled  with  mountains. 

**  The  details  as  well  as  the  enfemble  wou’d  have  excited  the  attention 
pf  the  moft  indifferent  beholder.  A  Angle  view  of  the  immenfe  quantity 
of  ice  and  fnow  which  covers  the  Alps  will  be  fufficient  to  fatisfy 
the  fpedtator  refpedling  the  duration  of  the  Rhone,  the  Rhine,  the  Po,  and 
the  Danube.  It  infpires  us  with  an  idea  that  this  is  their  common  re- 
fervoir,  and  that  it  is  fufficient  to  fupply  them  with  water  during  feveral 
years  of  drought.  We  compared,  without  having  need  of  calculation, 
their  ftreams  with  their  fources.  Thefe  fources  appeared  to  us  only  fmall 
Vol.  VIII.  I  riils 
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clouds  duringr  the  fix  hours  I  remained  on  it.  T  was  ex- 

O 

ceedingly  cold,  and,  in  order  to  warm  ourfelves,  I  and  my 
guides  were  obliged  to  conftruft  a  hut  on  the  ridge  of 
rocks  neared  the  fummit.  We  had  at  hand  large  pieces  of 
flate,  and  our  building  was  io  folid  that  it  dill  exids,  and 
has  fheltered  more  than  one  curious  traveller  from  the  fe- 
verity  of  the.  weather. 

The  glacier,  which  covers  this  fummit,  differs  from  the 
greater  part  of  thofe  accumulations  of  ice  known  under  that 
name  in  this  reipedt,  that  the  latter  generally  occupy  the 
valleys,  or  the  defiles  in  which  the  ice  has  not  been  ori¬ 
ginally  formed,  but  to  which  it  has  funk  down  by  its  own 
weight,  and  the  preffure  of  the  ice  above  it;  whereas  the  ice 
of  Buet  has  been  formed  in  the  place  where  it  exids;  and 
at  that  height  in  our  parallel  the  fnow  never  melts  in 
fummer.  This  mountain,  therefore,  may  ferve  to  determine 
with  fome  precilion  the  lowed  boundary  of  the  fnow  in  our 
climates. 

Thus,  for  example,  by  obferving  from  Geneva,  through  a 
telefcope  form  died  .with  a  micrometer,  the  vertical  angle 
comprehended  between  the  fummit  of  the  glacier  and  the 
lowed  boundary  of  the  fnow,  I  found  it  to  be  i6'  14%  which, 
taking  the  di (lance  of  Buet  from  Geneva  at  29820  toifes,  cor- 
refponds  to  141  toifes,  the  didance  of  this  boundary  below  the 
fummit,  which  places  it  at  1453  toifes  above  the  level  of  the  fea. 

It  may  here  be  afked,  what  is  the  mean  annua!  tempera¬ 
ture  at  this  height  in  our  latitude?  We  have  pointed  out 
fornewhere  in  our  Journal  a  very  dmple  formula,  which 
Sauffure  deduced  from  a  great  number  of  obfervations,  and 
which  reprefents  very  well  the  law  o!  the  decrement  of  the 
mean  heat  of  the  atrnofphere  from  the  bottom  upwards.  This 
decrement  is  a  hundredth  part  of  a  degree  of  the  thermometer 
of  Reaumur  per  toife  of  perpendicular  elevation.  This  for- 

rills,  when  compared  with  the  valleys  filled  with  Ice.  from  which  they  flowed. 
Mont  Blanc,  which  role  above  tilde  valleys,  feemet]  capable  of  futniihmg 
alone,  for  a  long  time,  a  fufficiencv  of  water  for  a  river,  fo  much  was 
it  loaded  with  ice  from  the  top  to  the  bottom  ;  that  is  to  fay  throughout 

a  prodigious  extent - Recherches  fur  Ics  Modifications  de  f  Atmofpberey 
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toutla,  therefore,  applied  to  the  mean  temperature  at  the 
level  of  the  fea,  in  the  parallel  of  46°  (the  latitude  of  Buet), 
as  eftablifhed  in  Dr.  Kir  wan’s  Work  on  the  Temperature 
of  the  Globe,  viz.  56*4°  of  Fahrenheit,  or  io°,8  of  Reau¬ 
mur,  will  give  for  1453  toifes  14-53  (iegrees  to  be  deducted; 
which  makes  the  mean  annual  temperature  of  the  lower 
boundary  of  the  fnow,  in  that  parallel,  to  be  3*63  degrees 
below  zero  *. 

ft  is  not  furprifing,  therefore,  that  this  mountain  fhould 
be  crowned  with  a  glacier,  tince  the  fnow  which  falls  there 
during  the  cold  feafon,  never  entirely  melts  in  the  fummer. 
The  water  produced  by  the  partial  melting  of  the  fur  face  of 
the  fnow  filters  through  the  porous  fnow  beneath  it,  and 
freezing  in  its  interftices  gradually  converts  it  into  ice.  In 
this  manner  is  formed  an  accumulation,  the  thicknefs  of 
which  M.  De  Luc  endeavoured  to  eftimate  from  the  follow¬ 
ing  obfervation  : 

u  We  judged,”  faid  he,  e£  by  the  pofition  of  thefe  fmali 
rocks,  about  200  feet  lower  than  the  higheft  part  of  the 
ice,  that  they  formed  a  part  of  the  real  fummit  of  the 
mountain.  The  whole  mafs  above  them  was  nothing  but 
ice,  in  the  form  of  a  cone,  cut  through  its  axis,  200  feet  in 
height,  with  a  very  extenfive  bale,  and  retting  011  the  im- 

*  I  had  occafion  not  long  ago  to  difeufs  this  formula  with  a  phi— 
lofopher,  who  obferved  to  me,  that,  according  to  its  nature,  it  was 
impoffible  it  could  be  correct;  becaule  the  denfity  of  the  air,  an  ele¬ 
ment  on  which  the  prefervation  of  heat  in  the  different  ftrata  of  the 
atmofphere  effentially  depends,  decreafes  in  geometrical  progreffion 
while  the  heights  in  toifes,  which  reprefent  th.e  temperatures,  proceed  in 
arithmetical  progreffion.  I  admitted  the  jultnefs  of  the  obfervation, 
fpeaking  mathematically  ;  but,  in  a  phyfical  point  of  view,  as  the  for¬ 
mula  is  compofed  of  co- efficients,  fome  of  them  unknown  or  inappre¬ 
ciable,  which  gives  to  the  temperature  an  arithmetical  progreffion,  decreafing 
from  the  bottom  upwards,  it  is  no  lefs  true,  that  this  formula,  however 
deceptive  it  may  be,  reprefents  the  mean  refults  of  obfervations  fuffii- 
ciently  well  to  be  employed  with  convenience,  when  an  approximative 
quantity  only  is  neceffary  :  and  this  was  exadlly  the  cafe.  The  quell  ion 
was  the  mean  temperature  of  mount  Saint  Bernard,  the  pliilofopher 
was  Bonaparte,  and  the  difeuffion  took  place  at  table,  and  even  in  the 
apartment  of  the  celebrated  man  vvhofe  theory  and  calculations  I  was 
endeavouring  to  defend. 

I  2 
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menfe  extent  of  permanent  ice,  which  covers  the  whole  de* 
elivity  of  the  fummit.,> 

But  I  learned,  not  without  furprife  mixed  with  horror, 
by  the  event,  of  which  I  am  going  to  give  an  account, 
that  this  glacier,  fo  often  vifited  by  travellers,  and  which  I 
twice  traverfed  myfelf  with  perfect  fecurity,  contains  fome 
of  thofe  fi  flu  res,  covered  with  fnow,  which  renders  others 
dangerous  when  the  proper  precautions  are  not  employed. 

During  our  flay  at  Chamouni,  C.  d’Eymar  having 
heard  that  the  guide,  who  accompanied  the  unfortunate 
Efchen,  refided  fomewhere  in  the  valley,  fent  for  him,  to 
learn  the  particulars  of  the  accident.  When  he  arrived, 
defpair  was  ftill  painted  in  his  looks  and  whole  countenance ; 
but  we  learned  nothing  from  him  that  we  did  not  before 
know.  He  was  a  guide,  feledted  by  chance,  whofeemed  to  be 
littjre  acquainted  with  the  mountains,  and  who,  however,  as 
he  told  us,  had  requefted  M.  Efchen,  when  they  arrived  at 
the  glacier,  not  to  feparate  from  his  two  companions,  flur¬ 
ried  on,  however,  by  that  undefcribable  fenfation  which 
people  fometimes  experience  when  they  reach  high  fummits, 
and  obferving  at  the  top  of  the  glacier,  a  little  di  ft  a  nee 
before  him,  two  chamoy  hunters,  who  were  refting  them- 
felves,  he  hurried  forwards  to  join  them;  and  it  was  then 
that  he  difappeared. 

We  ftiall  now  return  to  our  narrative.  As  we  pa  fled 
Servoz  on  the  morning  of  the  third  day,  the  body  of  the  un¬ 
fortunate  Efchen  was  conveyed  thither.  We  viewed  it  with 
the  livelieft  emotion  ;  and  by  minute  infpedtion  we  were 
convinced  that  he  had  not  furvived  his  fall  a  fingle  moment. 
W  e  were  fully  confirmed  in  this  opinion  by  the  details 
which  were  given  to  us,  and  by  obferving  that  three  of  the 
real  ribs  on  each  fide  were  broken,  and  that  there  was  a 
great  deprefnon  of  the  fternum ;  fymptoms  which  indicate 
-  that  the  unfortunate  young  man  had  experienced  the  moil 
fudden  and  mo  ft,  violent  compreffion.  The  body  was  no 
ways  disfigured,  and  his  features,  in  perfect  harmony,  excited 
no  idea  of  his  having  fuffered  pain.  We  learned  by  the 
paflport  found  in  his  pockets,  along  with  other  articles,  that 
his  name  was  Frederick  Auguftus  Efchen;  that  he  was  born 
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in  the  bifhopric  of  Lubec,  and  that  he  was  twenty-three 
years  of  awe. 

'  [  To  be  concluded  in  the  next  Number.] 
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C.  Cuvier*. 

Every  one  has  heard  of  the  This,  a  bird  to  which  the 
anticnt  Egyptians  paid  divine  honours  ;  images  of  which 
they  placed  in  their  temples  ;  which  they  fuffered  to  wander 
about  umnolefted  in  their  cities  ;  which  they  embalmed  with 
as  much'  care  as  they  did  their  relations  ;  to  which  they 
aferihed  virginal  purity,  and  an  inviolable  attachment  to 
a  country  of  which  it  was  the  emblem,  and  the  figure  of 
which  the  gods  would  have  affirmed,  had  they  been  forced  to 
adopt  one  mortal. 

No  animal  ought  to  have  been  fo  eafy  to  be  diftineuifhed, 
for  there  is  none  of  which  they  have  left  fo  many  excellent 
deferiptions,  correct  'coloured  figures,  and  even  the  birds 
themfelves  carefully  preferred  with  their  feathers,  under  the 
triple  covering  of  that  ftrong  preferver  bitumen,  thick  aiul 
clofe  bandages,  and  of  (Irons;  vafes  well  covered  with  m attic. 
Yet  among  all  the  modern  authors  who  have  fpoken  of  the 
ibis,  there  is  none  but  Bruce,  a  traveller  celebrated  by  his 
courage  and  his  knowledge  of  natural  hiffory,  who  has 
avoided  error  in  regard  to  the  real  fpecies  of  this  bird  ;  and 
yet  his  ideas,  however  correct,  have  not  been  adopted  by 
naturaliffs. 

After  feveral  changes  of  opinion  refpe&ing  the  ibis,  na- 
turalifts  at  prefen t  feem  to  agree  in  giving  this  appellation  to 
a  bird,  a  native  of  Africa,  nearly  of  the  fize  of  the  ftork,  with 
white  plumage,  and  the  wing  feathers  black  ;  raifed  on  long 
red  legs,  and  armed  with  a  long  bent  bill,  (harp  at  the  edges, 
indented  at  the  extremity,  round  at  its  bafe,  and  of  a  pale  yel¬ 
low'  colour,  and  having  its  face  covered  with  a  yellow  (kin, 
deftitute  of  feathers,  and  not  extending  beyond  the  eyes. 

.  .  *  Journal  de  Pbjfiyue,  FiufliJor,  an.. 8. 
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Such  Is  the  ibis  of  Perrault  *,  the  white  ibis  of  Briffon  f, 
the  white  Egyptian  ibis  of  Button  J,  the  tantalus  ibis  of. 
Linnaeus  in  the  twelfth  edition  of  his  works  ;  fuch  is  the 
bird  which  in  the  National  Mufaeum  is  called  the  Egyptian 
ibis,,  and  which  is  there  placed  near,  and  not  without  rea- 
fon,  to  .the  curicaca  of  Margrave,  or  the  tantalus  loculator- 
of  Linnaeus,  for  they  both  have  a  hooked,  fharp,  and  in¬ 
dented  bill.  To  the  fame  bird,  according  to  Blumenbach, 
who,  however,  confefles  that  at  prefent  it  is  very  rare,  at  lead 
In  lower  Egypt,  the  Egyptians  paid  divine  honours  §. 

I  participated  in  the  error  of  thefe  celebrated  men  above 
mentioned,  till  I  had  an  opportunity  of  examining  myfelf 
fome  mummies  of  the  ibis.  This  pleafure  was  afforded  to 
me  lately  bv  Fourcroy,  to  whom  General  Grobert  of  the 
Artillery,  on  his  return  from  Egypt,  presented  two  of  thefe 
mummies.  On  unwrapping  it  with  care,  we  obferved  that 
the  bones  of  the  embalmed  bird  were  much  fmaller  than 
thofe  of  the  tantalus ;  that  they  were  fcarcely  fo  large  as 
thofe  of  the  curlew  ;  that  its  beak  refembled  that  of  the 
latter,  the  length  excepted,  which  was  fomewhat  lefs,  and 
not  at  all  equal  to  the  tantalus  3  in  a  word,  that  its  plumage 
was  white,  with  the  wing  feathers  black,  as  mentioned  by 
the  antients. 

We  were  therefore  convinced,  that  the  bird  which  the 
Egyptians  embalmed  was,  by  no  means  our  tantalus  ibis  \ 
that  it  was  fmaller;  and  that  it  was  neceffary  to  fearch  for  it 
anion  £  the  genus  of  the  curlew. 

O  O 

After  fome  refearch,  we  found  that  the  mummies  of  the 

*  Defcription  d'un  ibis  blayic.  ft  de  deux  ci 'cogues  in  the  Memoirs  of  the 
Acad,  of  Sciences,  VoL  III.  p.  61.  Plate  XII F.  fg.  1.  The  bill  iS 
represented  as  truncated  at  the  end  ;  but  this  is  the  fault  of  the 
draftfman. 

-t  N  umenius  fordide  albo  rufefeens,  capite  anteriore  nudo  rubro ;  la- 
teribus  rubro  purpureo  et  carneo  colore  maculatis,  renbgibus  majoribus, 
nigris,  neclricibus  fordide  albo  rufefeentibus,  roliro  in  exortu  dilute 
luteo,  in  extremitate  auranteo,  pedibus  grifeis. — Ibis  Candida.  Briffon 
Ornith.  Vol.  V.  p.  349. 

+  Hijloire  des  Animauxy  Vol.  VIII.  4to.  p.  14.  Plate  I.  Planches 
enh  No.  3S9. 

§  lliodbuch  dee  Nalur  Gefchicbtey  p.  203.  Edit,  of  1782. 
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ibis,  opened  before  our  time  by  different  naturalifts,  had 
been  fimilar  to  ours.  Buffon  fays  exprefsly  that  he  exa¬ 
mined  feveral  of  them  ;  that  the  birds  they  contained  had 
the  bill  and  fize  of  the  curlew  ;  and  yet  he  blindly  followed 
Perrault,  in  confidering  the  African  tantalus  as  the  ibis.  One 
of  the  mummies  opened  by  Buffon  hill  exifts  in  the  Mu- 
fseum  ;  it  is  fimilar  to  thofe  we  have  feen.  Dr.  Shaw,  in  the 
Supplement  to  his  Travels  *,  defcribes  and  gives  an  exa£l 
reprefentation  of  the  bones  of  a  fimilar  mummy ;  the  bill, 
he  favs,  was  fix  inches  Englifh  in  length,  and  referable*! 
that  of  the  curlew,  &c.  In  a  word,  his  defcription  agrees 
entirely  with  ours. 

Caylus,  in  his  RecueiVd? Antiqultes  f,  gives  the  figure  of 
a  mummy  ibis,  the  height  of  which,  with  its  bandages,  was 
only  one  foot,  feven  inches,  four  lines ;  though  he  fays  ex¬ 
prefsly,  that  the  bird  was  placed  in  it  on  its  legs,  with  its 
head  ereht,  and  that  no  part  was  bent  back  in  its  embalmed 
fiate.  ~ 

Haffel quiff,  who  confidered  as  the  ibis  a  finall  white  and 
black  heron,  affigns  as  his  principal  reafon  for  doing  fo,  that 
the  height  of  this  bird,  which  is  equal  to  that  of  the  crow, 
correfponds  perfe&ly  with  the  height  of  the  mummies  of 
the  ibis  J ;  how,  then  could  Linnaeus  give  the  name  of  ibis 
to  a  bird  as  large  as  the  ftork ;  how,  in  particular,  could  he 
confide r  this  bird  to  be  the  fame  as  the  ardca  ibis  of  Haf- 
felquift,  which,  befides  its  fmall  fize,  had  a  ffraight  bill ; 
and  how  could  this  laft  error,  in  regard  to  fynonyms,  be  ffill 
retained  in  the  Syjlema  Natures? 

The  only  figure  of  the  bill  of  an  embalmed  ibis,  which 
does  not  accord  with  ours,  is  that  given  by  Edwards  §.  It  is 
a  third  larger  than  it  ought  to  be;  but  as  it  contradi&s  all 
the  other  teffimonies,  we  muff  believe  that  it  was  taken 

*  Edit,  of  Oxford,  1746.  Plate  V.  p.  64 — 66* 

!'  Vol.  VI.  Plate  IX.  Jig.  1. 

|  Iter  Paleftinum,  p.  2.49.  Magnetudo  gallinae,  feu  cornieis  ;  and 
p.  250,  Vafa  quae  in  fepulchris  inveniuntur,  cum  avibus  conditis,  hujus 
funt  magnitudinis. 

§  Plate  J05. 
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from  the  mummy  of  fome  bird  different  from  the  ibis ;  or 
that  the  draftfman  enlarged  the  proportions  *. 

It  was  neceffary,  therefore,  to  leek  for  the  real  ibis  fome- 
where  elfe  than  a  mo  no;  thefe  birds  of  the  tantalus  kind,  ot  a 
great  height  and  with  a  fliarp  bill.  In  viewing  the  collection 
of  birds,  which  Lacepede  has  arranged  in.  fueh  beautiful 
order  in  the  Mufaeum  of  Natural  Hiftory,  we  drlcovered  a 
fpecies,  never  before  mentioned  or  defended  in  any  of  the 
fy hematic  authors  except  Latham,  and  which  alone  corre- 
fponds  to  every  thing  indicated  to  us,  by  antient  authors, 
monuments,  and  mummies,  as  characters  of  the  ibis. 

It  is  reprefented  in  the  annexed  figure  (Plate  III.)  ;  it  is  a 
bird  of  the  fize  of  the  curlew;  its  bill  is  fimilar  to  that  of 
the  curlew,  but  proportionally  a  little  fhorter,  and  of  a  black 
colour;  two-thirds  of  its  head  from  the  neck  are  bare  of  fea¬ 
thers,  and  covered  with  fliort  black  down ;  the  plumage  of 
the  body,  wings,  and  tail,  is  a  dirty  white,  except  the  tips  of 
the  large  wing  feathers,  which  are  black,  and  thofe  of  the 
lower  part  of  the  back,  which  are  of  the  fame  colour,  and, 
being  long,  fall  over  the  tips  of  the  wings  when  they  are 
folded.  The  feet  are  black,  and  like  thofe  of  the  curlew. 

The  individual  in  queftion  formed  part  of  the  fiadtholdcr’s 
collection,  but  we  are  unacquainted  with  its  native  country. 
Defmoulms,  who  has  feen  two  others,  allures  us  that  they  were 
both  brought  from  Senegal ;  one  of  them  was  even  brought 
from  that  country  by  Geoffrey  de  \  illeneuve :  but,  be  Odes 
that  the  climate  of  Senegal  is  in  nothing  different  from  that 
of  the  Nile,  we  dial!  fee  hereafter  that  Bruce  found  this  fpe¬ 
cies  in  abundance  in  Egypt;  and  I  imagine  that  the  moderns 
will  not  admit,  without  fome  latitude,  the  affection  of  the 
antients,  that  the  ibis  never  quitted  that  faered  land. 

*  Since  I  read  this  memoir,  C.  Olivier. had  the  goodnefs  to  ikow  me 
the  bones  which  he  took  from  two  mummies  of  the  ibis,  and  to  open  with 
two  others.  Thefe  bones  were  fimilar  to  thofe  in  the  mummies  of 
General  Grobert:  one  of  the  four  only  were  finalier,  but  it  was  eafily 
©bferved  by  the  epiphy.fes  that  they  had  belonged  to  a  young  individual. 
C-  Olivier  ihowed  us  alfo  a  bill  two-thirds  longer  than  thofe  found 
commonly  in  mummies  of  the  ibis  ;  bur  this  bill,  however,  was  perfectly 
fimilar  to  that  of  the  curlew  ;  and  in  particular  to  that  of  the  black  ibis 
of  B  eion  \  but  in  no  manner  to  that  of  the  tantalus, 

Befides, 
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Befides,  this  afTertion  would  be  as  much  contrary  to  the 
tantalus  ibis  as  to  our  curlew ;  for  the  individuals  which  we 
poffefs  of  that  fpecies,  have  been  brought  from  Senegal.  It 
was  from  this  country  that  Geoffroy  de  Villeneuve  brought 
the  one  in  the  Mufaeum  of  Natural  Hiftory  :  it  is  even  much 
rarer  in  Egypt  than  our  curlew,  fince,  according  to  Perrault, 
no  one  had  ever  faid  that  he  faw  it  there,  or  had  received  it 
from  that  country. 

Since  we  are  now*  acquainted  with  this  bird,  if  we  examine 
the  works  of  the  antients,  and  antient  monuments,  we  fhali 
find  every  difficulty  vaniffi,  and  that  all  their  teftimonies 
agree  with  the  beft  of  all,  which  is,  the  body  of  the  bird  itfelf 
preferved  and  embalmed.  66  The  moft  common  kind  of  the 
ibis,”  fays  Herodotus  *,  has  the  head  and  neck  bare,  the 
plumage  white,  except  the  head,  the  neck,  the  tips  of  the 
wings,  and  the  rump,  which  are  black.  The  bill  and  feet 
referable  thofe  of  the  other  kind  of  ibis  and  he  had  faid  of 
the  latter,  u  they  are  all  black,  have  feet  like  the  crane,  and 
a  hooked  bill.”  There  are  many  modern  travellers  who  do 
not  give  fuch  good  defcriptions  of  the  birds  they  obferve  as 
that  which  Herodotus  has  given  of  the  ibis.  How  could 
naturalifts  apply  this  defcription  to  a  bird  having  no  part 
naked  but  the  face,  which  is  red  ?  To  a  bird  which  has  the 
rump  white,  and  not  black  ?  This  laft  charadter,  however, 
was  effential  to  the  ibis.  Plutarch  favs,  in  his  Treatife  De 
Ifide  et  Ofiride ,  that  the  manner  in  which  the  white  was 
mixed  with  the  black  in  the  plumage  of  this  bird,  made  it 
appear  as  if  marked  with  a  crefcent;  and,  indeed,  the  union 
of  the  black  of  the  rump  with  that  of  the  two  tips  of  the 
wings,  which  forms  on  the  white  a  large  femicircular  in¬ 
dentation,  makes  the  white  have  a  refemblanee  to  that  figure. 

It  is  more  difficult  to  explain  what  he  means  when  he  fays 
that  the  feet  of  the  ibis  form  with  its  bill  an  equilateral  triangle* 

The  paintings  of  Herculaneum  f,  however,  place  the  mat¬ 
ter  beyond  all  doubt.  Some  of  thefe  paintings,  which  repre- 
lent  Egyptian  ceremonies,  exhibit  feverql  of  thefe  birds 

*  Euterpe.  " 

f  Plates,  No.  138  and  140  of  the  edition  of  David;  and  VoL  IT, 
p.  335,  No.  ;  and  p.  321,  No.  60,  of  the  ojiginal  edition. 
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walking  in  the  courts  of  the  temples  :  they  are  perfectly 
fimilar  to  the  bird  which  we  have  pointed  out :  we  may  in 
particular  obferve  in  them  the  charadteriftic  blacknefs  of  the 
head  and  neck ;  and  it  may  be  readily  feen,  by  comparing 
their  lize  with  that  of  the  perfonages  in  the  paintings,  that 
it  muff.  have  been  a  bird  of  about  half  a  yard  in  height  at 
mod,  and  not  a  yard,  like  the  tantalus  ibis. 

The  mofaic  of  Paleffrine  exhibits  alfo  in  its  middle  part 
feveral  ibifes  perched  on  buildings,  and  which  are  in  nothing 
different  from  thole  of  the  paintings  of  Herculaneum.  Afar- 
donyx  in  the  cabinet  of  Dr.  Mead,  copied  by  Dr.  Shaw  *, 
find  reprefenting  an  ibis,  feems  to  be  a  miniature  ot  the  bird 
which  we  are  describing.  A  large  bronze  medal  of  Adrian, 
an  engraving;  of  which  is  given  in  the  Muffeum  de  Farnefe, 
and  another  of  the  fame  emperor  of  filver  f,  exhibit  figures 
of  the  ibis,  which,  notwithffanding  their  fmall  fize,  have  a 
great  refemblance  to  the  bird  in  queffion. 

In  regard  to  the  figures  fculptured  on  the  plinth  of  the 
ffatue  of  the  Nile  at  the  Belvedere,  and  in  the  copy  of  it  in 
the  garden  of  the  Thuilleries,  they  are  not  well  enough 
fhiifhe'd  to  ferve  as  proofs;  but  we  ftill  have  a  fufficient 
number  to  obviate  every  doubt. 

j 

We  muff  do  Bruce  the  juftice  to  fay  that  he  difcovered  the 
real  ibis  J.  His  abou-bannes ,  compared  with  the  bird  we 
have  deferibed,  is  fo  fimilar,  that  it  is  hardly  poffible  not  to 
confider  it  as  of  the  fame  fpecies  :  and  this  traveller  fays  ex- 
prefsly,  that  it  feemed  to  him  to  refemble  thofe  contained  in 
the  repofitories  of  the  mummies.  He  fays  alfo,  that  this 
abou-bannes ,  or  Father  John,  is  very  common'  on  the  banks 
of  the  Nil  e;  while  the  bird  reprefented  by  Buffon  under  the 
name  of  the  white  Egyptian  ibis,  was  never  feen  there  by 
him.  This  abou-bannes  has  been  inferted  by  Latham,  in  his 
Index  Ornithologicus ,  under  the  name  of  Tantalus  iEthio- 
picus ;  but  he  does  not  fpeak  of  the  conjedture  of  Bruce  re- 
fpedting  its  identity  with  the  ibis. 

*  Appendix,  PliYu  V. 

f  Mufaemn  de  Farnefe,  Vol.  Vf.  Plate  XXVIII.  fig.  6.;  and 
Vol.  III.  PUte  VI.  fig.  1 1. 

+  Vol-  V-  p.  172,  Engiifh  edition. 
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All  travellers  who  preceded  or  followed  Bruce,  feem  to 
.have  been  in  an  error.  Belon  *  gave  the  name  of  black  Ibis 
to  a  bird,  which  is  nothing!:  elfe  than  a  black  curlew  with  a 
naked  head,  and  the  feet  and  bill  red ;  which  does  not  agree 
•with  the  defcription  of  Herodotus,  who  fays  that  the  black 
ibis  is  black  all  over. 

This  bird  of  Belon  is  very  common  in  collections;  and  yet. 
as  naturalifts  fought  alfo  in  the  black  ibis  a  tantalus  with  a 
iharp  bill,  the  modern  naturalifts  have  almoft  all  faid  that 
Belon  alone  had  feen  this  bird.  Lacepede  has  rectified  this 
error,  and  given  the  name  of  black  ibis  to  the  bird  which 
had  been  diftinguilhed  by  that  name  by  Belon.  In  regard 
to  the  white  ibis,  Belon  believed  it  was  the  ftork ;  in  which 
it  is  evident  he  contradicted  every  teftimony  :  no  one,  there¬ 
fore,  has  coincided  in  opinion  with  him  in  this  point  except 
the  apothecaries,  who  have  taken  the  ftork  for  their  emblem, 
becaufe  they  have  confounded  it  with  the  ibis,  to  which  they 
aferibe  the  invention  of  injeClions. 

Profper  Alpinus,  who  aferibes  this  invention  to  the  ibis, 
gives  no  defcription  of  the  bird  in  his  Work  on  the  Medical 
Art  of  the  Egyptians  f.  In  his  Natural  Hiftory  of  Egypt 
lie  fpeaks  only  from  the  information  of  Herodotus,  to  whofe 
account  he  only  adds,  H know  not  from  what  authority,  that 
this  bird  in  its  figure  and  fize  refembles  the  ftork.  He  fays 
lie  had  learned  that  both  the  black  and  the  white  kinds  were 
found  in  abundance  on  the  banks  of  the  Nile;  but  it  is  evi¬ 
dent  that  he  did  not  believe  that  he  had  ever  feen  any  of  them. 

Shaw,  fpeaking  of  the  ibis,  fays§  that  at  prefent  it  is  ex¬ 
ceedingly  rare,  and  that  he  had  never  feen  it.  His  emfeefty, 
or  ox-bird,  which  Gmelin,  very  improperly,  refers  to  the 
tantalus  ibis,  is  of  the  fize  of  the  curlew,  has  a  white  body, 
and  the  feet  and  bill  red.  It  frequents  the  meadows  near 
cattle;  its  flefii  is  not  well  tafted,  and  loon  fpoils.  It  may 
lie  eafily  feen  that  this  is  not  the  tantalus,  and  ftill  lefs  the 
ibis,  of  the  antients. 

'  De  la  Nature  des  Oifeaux,  Book  IV.  chap.  9,  of  the  edition  of  1555. 

f  De  Medicina  fEgyptiorum,  Lib.  I.  fol.  1.  Paris,  1646. 

X  Re  rum  Egypt.  Lib.  IV.  cap.  1.  Leyden,  1735* 

§  Page  2^5,  Emfecify  ox-bird 
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HafFelquift  was  acquainted  neither  with  the  white  nor  the 
black  ibis :  his  ardea  ibis,  is  a  fmall  heron  with  a  ftraight 
bill.  Linnaeus,  in  his  tenth  edition,  placed  it,  very  pro¬ 
perly,  among  the  herons  ;  but  he  was  wrong,  as  I  have  al¬ 
ready  faid,  in  tranfporting  it  as  a  fynonym  of  the  genus  of 
the  tantalus. 

Maillet,  in  his  Defcrjption  of  Egypt*,  conjectures  that 
the  ibis  may  have  been  a  bird  peculiar  to  Egypt,  which  is 
called  there  Pharaoh’s  capon,  and  at  Aleppo,  faphanbacha . 
It  devours  ferpents.  Some  of  thefe  birds  are  white,  and  fome 
black  and  white,  and  it  follows,  more  than  a  hundred 
leagues,  the  caravans  which  go  from  Cairo  to  Mecca,  in 
order  that  it  may  feed  on  the  carcafes  of  the  animals  killed 
in  the  courfe  of  the  journey,  while  in  every  other  feafon  none 
of  them  are  feen  on  that  route.  But  he  does  not  coniider 
this  conjecture  as  certain.  He  even  fays  that  we  mud  give 
over  attempting  to  underhand  the  antients  when  they  fpeak 
in  fuch  .a  manner  as  if  they  had  wifhed  not  to  be  underftood ; 
and  he  concludes  with  obferving  that  the  antients  perhaps 
comprehended,  indiferiminately,  under  the  name  of  ibis ,  all 
the  birds  which  were  ferviceable  to  Egypt  in  freeing  it  from 
thofe  dangerous  reptiles  which  the  climate  produces  in 
abundance,  fuch  as  the  vulture,  falcon,  ftork,  kite,  81c. 

He  was  right  in  not  confidering  his  Pharaoh’s  capon  as 
the  ibis;  for,  though  his  defeription  be  very  imperfeCt,  and 
though  Buffon  thought  he  could  diftinguifh  in  it  the  ibis,  it 
may  be  readily  feen,  as  well  as  by  what  Pococke  fays,  that 
this  bird  muft  be  carnivorous;  and,  indeed,  we  find  by  the 
figure  which  Bruce  has  given  f,  that  Pharaoh’s  capon  is 
nothing  elfe  than  the  rachama ,  or  fmall  white  vulture  with 
black  wings,  vultur  per cnopterus,  Linn.,  a  bird  exceedingly 
difierent  from  that  we  have  proved  to  be  the  ibis. 

Pococke  fays  that  it  appears,  by  the  deferiptions  given  of 
the  ibis,  and  by  the  figures  of  it  found  in  the  temples  of 
Upper  Egypt,  that  it  is  a  kind  of  crane.  “  I  have  feen,” 
adds  he,  “  a  number  of  thefe  birds  in  the  iflands  of  the 
ISale;  they  were,  for  the  nioft  part,  grayifh  J.”  Thefe  few 

*  Part  II.  p.  z3.  f  Vol.  V.  p.  i9r. 

\  French  traiiflanon  of  his  Travels,  12010.  Vol.  II,  p.  <3. 
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Words  are  fufficient  to  prove  that  he  was  no  better  acquainted 
with  the  ibis  than  others. 

The  error  which  prevails  at  prefent  in  regard  to  the  white 
ibis,  began  with  Perrault ;  who  is  even  the  firft  perfon  who 
defcribed  the  tantalus  ibis  of  the  prefent  time.  This  error, 
adopted  by  Brifton  and  Buffon,  has  pafied  into  the  twelfth 
edition  of  Linnaeus,  where  it  is  confounded  with  that  of 
Haffelquift,  which  had  been  inferted  in  the  tenth,  to  form 
with  it  a  compound  altogether  monftrous.  It  was  founded 
on  the  very  natural  idea,  that  to  devour  ferpents,  a  {harp  bill, 
more  or  lefs  analogous  to  that  of  the  ftork  or  heron,  was  ne- 
ceffary.  This  idea  is  even  the  only  good  objection  that  can 
be  made  againft  the  identity  of  our  bird  and  the  ibis ;  for  it 
may  be  faid.  How  can  a  bird  with  a  weak  bill,  fuch  as  the 
curlew,  be  able  to  devour  thefe  dangerous  ferpents  ? 

But,  befides  that  a  reafon  of  this  kind  cannot  hold  out 
againft  pofitive  proofs,  fuch  as  defcriptions,  figures,  and 
mummies;  befides  that  the  ferpents  from  which  the  ibis 
delivered  Egypt  were  accounted  exceedingly  venomous,  but 
not  as  of  a  large  fize  ;  I  could  anfwer  diredtly,  that  the 
mummified  birds,  which  had  a  bill  abfolutely  fimilar  to  that 
of  our  bird,  were  real  devourers  of  ferpents;  for  I  found  in 
one  of  their  mummies  the  undipefted  remains  of  the  fkin 
and  fcales  of  ferpents,  which  I  prelented  to  the  Clafs.  This 
deftroys  the  objection  that  might  be  drawn  from  a  paftage  of 
Gicero,  where  he  gives  to  the  ibis  a  corneous  and  ftrong 
bill :  having  never  been  in  Egypt,  he  imagined,  from  fimple 
analogy,  that  this  mnft  be  really  the  cafe.  Our  European 
curlew,  which  has  a  bill  ftill  weaker  than  the  ibis,  devours 
eels,  as  I  have  been  affured  by  an  eye-witnefs. 

I  fhall  conclude  this  memoir  with  announcing  the  refults. 
The  tantalus  ibis  of  Linnaeus  mud  remain  a  feparate  genus 
with  the  tantalus  locueator.  Their  charadler  will  be  rojlrum 
vahdum  arcuaturn ,  apice  emarginatum. 

The  other  tantalus  of  the  laft  editions  ought  to  form  a 
genus  with  the  common  curlew.  We  may  give  them  the 
name  of  numenius.  Their  character  will  be,  rojlrum  gracile , 
f ircuatum ,  apice  injlatum . 

The  ibis  of  the  antients  is  not  the  ibis  of  Perrault  and 
f/  -ft  BufFon, 
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Buffon,  which  is  a  tantalus;  nor  the  ibis  of  Haffelquift, 
which  is  an  ardea;  nor  that  of  Maillet,  which  is  a  vulture; 
but  a  numenius  or  curlew,  which  has  not  yet  been  named  by 
fyftematic  authors,  and  of  which  Bruce  has  given  a  figure 
under  the  name  of  the  ahou-hannes.  I  call  it  numenius  ibis , 
c ilb us ,  capite  ct  collo  midis,  remi gibus  pennis  uropygii  elonga - 
tiSy  rojlro  et  pedibus  nigris. 

The  tantalus  ibis  of  Linnaeus,  in  the  prefent  hate  of  his 
iynonymy,  comprehends  four  fpecies,  of  three  different 
genera : 

A  tantalus,  the  ibis  of  Pcrrault  and  Buffon; 

An  ardea,  the  ibis  of  Haffelquift  ; 

Two  numenii,  the  ibis  of  Bclon  ; 

And  the  ox-bird  of  Shaw, 

The  reader  may  judge  by  this  inffanee,  and  many  others, 
of  the  ftate  in  which  the  Syjiema  Naturae  (till  remains,  and 
of  what  importance  it  would  be  to  free  it  gradually  from 
thofe  errors  with  which  it  abounds,  and  with  which  natu- 
ra lifts  feem  to  load  it  ftill  more,  by  accumulating,  without 
choice  and  proper  examination,  fpecies,  chara&ers,  and  fy- 
nonyms. 


IX.  A  brief  Examination  of  the  received  DoBrines  refpe&ing 
Heat  or  Caloric.  By  Alexander  Tilloch.  Bead 
before  the  Afkeflan  Society ,  December  1799 

rr 

JL  O  detail  the  various  theories  maintained  at  different  pe¬ 
riods,  and  applied  to  explain  the  phenomena  to  which  heat 
gives  rife  in  the  numerous  changes  presented  by  Nature  in 
chemical  combinations  and  decompofitions,  would  be  taking 
up  the  time  of  this  Society  unneceffarily,  as  every  member 
muff  be  well  acquainted  with  them.  I  (hall  therefore  confine 
myfelf  to  the  modern  doctrines  on  this  fubjeft;  and  even 
with  thefe  I  fhall  be  brief,  as  my  chief  obje6t  is,  to  inquire. 
Whether  none  of  the  eireumftances  that  accompany  the 
known  facts  in  this  department  of  phyfics  (fuch  of  them,  I 
mean,  as  the  limits  I  have  preferibed  to  the  prefent  effay  will 

*  For  a  ihort  account  o.f  this  Society,  fee  Note,  p,  353,  Vol.  VII. 
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allow  me  to  notice)  have  been  overlooked  ?  and  whether*  If 
all  of  them  had  been  attended  to*  and  the  legitimate  inferences 
been  drawn  from  them,  the  theory  now  generally  received 
would  ever  have  been  admitted  into  fcience  ? 

The  ground  I  am  about  to  take  may  perhaps  expofe  me  to 
the  danger  of  being  confidered  as  an  innovator,  or,  what  may 
be  deemed  worfe  by  fome,  a  fceptic  as  to  certain  opinions, 
rendered  refpedtable  by  the  great  names  that  have  embraced 
and  maintained  them  ;  and  at  the  fame  time  extremely  plau- 
fible  from  the  apparent  facility  with  which  they  are  applied 
to  explain  many  phenomena  that  daily  prefent  themfelves  to 
the  eye  of  every  attentive  obferver.  My  only  anfvver  is,  that 
I  am  in  fearch  of  truth ;  and  fo  decided  an  enemy  to  mere 
theoretical  fpeculations,  that  I  neither  admit  myfelf,  nor  with 
others  to  admit  in  phyfics  what  cannot  be  proved  to  be  truth. 
When  the  human  mind  acquiefces  on  any  ground  fbort  of 
this,  it  is  either  through 1  misconception,  indolence,  or  pufil- 
lanimity,  than  which  nothing  has  tended  more  to  retard 
fcience  and  fhackle  men  with  prejudices,  leading  them  to 
receive  great  names  for  argument,  and,  for  demonftration, 
long  quotations.  But,  to  proceed,  I  ufe  the  term  heat  to 
denote  that  fubftance  which  poflefles  thofe  properties,  is  go¬ 
verned  by  thofe  laws,  and  produces  thofe  effects  which  fhall 
be  immediately  enumerated ;  and  I  prefer  it  to  the  term 
caloric  *  for  no  other  reafon  but  becaufe  the  latter  is  em¬ 
ployed  by  many  to  denote  heat  exifting  in  a  certain  hate,  in 
which,  they  fay,  it  may  be  confidered  as  having  actually  loft 
its  original  character :  whereas  I  hold,  and  I  even  hope  to 
convince  the  members  of  this  Society,  that  it  invariably  re¬ 
tains  the  fame  character,  properties,  and  mode  of  adlion. 

The  term  caloric  has  been  adopted  in  the  new  nomenclature  to  avoid 
that  ambiguity  and  rnilconception  which  might,  it  is  faid,  arife  from  em¬ 
ploying  the  lame  term  to  exprefs  a  fubftance,  and  the  fenlation  produced 
by  the  adtion  of  that  fubftance.  By  the  fame  mode  of  reafoning,  all  the 
fu'ojlantives  fhould  be  changed  in  any  language  that  has  fimilar  'verbs. 
But  fuppofe  the  argument  for  change,  in  the  prefent  inftance,  to  have  full 
force  in  fome  languages,  it  has  little  or  none  in  regard  to  the  Engljfh, 
which  employs  the  word  ivarmlh  to  exprefs  the  fenfation  occafioned  by 
beat.  I  fliail,  however,  ufe  the  terms  heat  and  caloric  indifferently. 

(A)  Heat 
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(A)  Heat  is  diffufed  through  all  the  bodies  in  nature  \ 
whether  folids,  liquids,,  or  aeriform  fluids. 

(B)  Heat  tends  to  an  equilibrium  ;  fo  that,  when  by  any 
means  it  is  accumulated  in  particular  fubftances,  a  portion  is 
quickly  given  off  to  the  furrounding  bodies  to  bring  the  whole 
to  one  common  temperature.  On  the  other  hand,  where 
bodies  have  been  deprived  of  a  portion  of  it,  heat  is  given  off 
to  them  by,  or  heat  pafles  to  them  from,  the  furrounding 
bodies,  to  reftore  the  equilibrium. 

(C)  Solids,  by  the  addition  of  heat,  aflume  the  form  of 
liquids,  and  liquids  the  aeriform  ftate.  On  the  other  hand, 
gafes,  by  an  abftra&ion  of  heat,  become  liquids 3  and  liquids, 
folids. 

(D)  The  dimenfions  of  bodies  are  enlarged  when  heat  is 
poured  into  them,  and  vice  v'erfa . 

The  laws  we  have  enumerated  are  general,  and  the  objec¬ 
tions  that  may  be  ftated  again  ft  the  truth  of  any  of  them  fo 
few,  and  fo  eaftly  obviated,  that  they  cannot  affedl  any  in-~ 
ference  drawn  from  them.  The  apparent  exceptions  relate 
chiefly  to  the  change  of  volume  in  fome  particular  fubftances 
when  pafiing  from  the  liquid  to  the  folid  form,  or  the  con¬ 
trary.  Water,  for  inftanee,  in  pafling  into  the  ftate  of  ice, 
affumes  a  larger  volume,  though  heat  is  then  pafling  out  of 
it.  The  fubftance,  however,  is  only  apparently  enlarged * 
In  freezing,  the  water  affumes  a  cryftalline  form  ;  the  cry f- 
tals,  (hooting  in  every  direction,  crowd  againft,  and,  as  it 
were,  joftle  each  other,  canting  vacuities,  which  conltitute 
no  real  part  of  the  matter.  We  may  compare  this  pheno¬ 
menon  to  what  takes  place  in  a  bundle  of  chips  of  wood, 
which  will  always,  however  clofely  packed,  occupy  an  ap¬ 
parently  larger  fpace  than  the  fame  weight  of  ligneous  matter 
as,arranged  by  nature  in  the  tree.  Another  apparent  excep¬ 
tion  may  be  noticed  in  clay,  which  diminifhes  the  more  in 
bulk  the  greater  the  quantity  of  heat  poured  into  it :  but  here 
there  is  a  mifnomer — it  is  not  clay,  but  a  mixture  of  clay  and 
water  that  is  diminifhcd  in  bulk.  The  water  is  driven  oft’; 
and,  where  there  is  a  diminution  of  matter,  a  reduction  of 
volume  iQuft  follow.  Clay  is  therefore  not  an  exception  to 
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the  general  law — drive  all  the  water  out  of  it,  that  is,  con¬ 
vert  it  into  p'lafs,  and  it  then  obevs  the  general  law. 

We  {hall  firft  attend  a  little  to  the  operation  of  the  fore¬ 
going  law^  in  forne  given  cafes ;  and  afterwards  examine 
the  dodlrines  which  have  been  eflabli  filed  from  the  pheno¬ 
mena  obferved  to  accompany  them: 

If  two  bodies  of  the  fame  nature,  unequally  heated,  be 
brought  into  contact,  the  heat  will  diffufe  itfelf  equally 
through  them,  and  the  quantities  in  each  will  bear  the 
fame  proportion  to  each  other  as  the  uiaffes  the rnfe Ives  ;  but, 
if  the  bodies  differ  in  kind,  though  equilibrium  take  place, 
and  each  indicate  the  fame  temperature,  yet  the  proportions 
of  heat  in  each  will  not  be  as  the  matfes,  but  vary  according 
as  the  bodies  differ. 

(E)  This  property  of  bodies  to  hold  different  quantities  of 
heat,  even  when  that  fluid  i§  in  a  ftate  of  equilibrium,  Dr, 
Black  calls  the  capacity  of  a  body  for  heat ;  the  quantity  itfelf 
he  calls  Jpecific  beat.  rfhe  diflindfion  is  perfectly  philofo- 
phical,  nor  need  the  terms  he  objected  to;  but  they  fliould  be 
accurately  defined,  that  they  may  never  be  employed  to  convey 
ideas  different  from  the  fadls  that  gave  rife  to  their  adoption,  j 

That  the  fenfe  in  which  we  underhand  and  ufe  the  terms 
may  be  clearly  conceived,  we  fhall  fubftitute  another  fob- 
fiance  for  heat,  all  other  circumftances  being  as  before.  If 
two  fubflances  of  the  fame  kind  (two  pieces  of  chalk),  un¬ 
equally  wetted  with  water,  be  brought  into  contact,  the  one 
will  give  off  water  to  the  other  (or  the  one  will  abforb  water 
from  the  other)  till  the  quantity  in  each  he  as  their  majjes. 
If  two  bodies  different  in  kind  (chalk  and  wood)  be  thrown 
into  water,  the  quantity  they  will  each  take  in  will  be  as 
their  capacities :  this  will  alfo  be  the  cafe  if,  in  head  of 
throwing  them  into  water,  we  fufpend  both  in  the  fame 
damp  atmofphere;  and  the  quantity  in  each,  whether  re¬ 
ceived  by  immerfion  in  water  or  in  the  atmofphere,  is  fpe. 
cific.  The  latter  term  muff  be  thus  confidered,  otherwife 
we  fhall  lead  ourfelves  into  error ;  for  there  is  at  lea  11  as 
great  a  difference  between  the  extremes  of  the  general  tem¬ 
perature  in  fummer  and  in  winter  as  there  is  between  a 
moifl,  and  a  comparatively  dry  (but  yet  moifl)  atmofphere. 
Vol.  VIII*  ,  '  L  ’  Some 
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*  i  - 

Some  philofophers  tell  us  that  the  caufe  of  this  pheno¬ 
menon  of  different  bodies  requiring  different  quantities  of  ca¬ 
loric  to  indicate  the  fame  temperature  (or,  in  other  words, 
the  caufe  of  their  having  different  capacities  for  heat)  arifes 
from  the  different  degrees  of  affinity  which  different  bodies 
pofiefs  for  heat  •  Is  this  an  explanation  ? — Different  bodies 
hold  different  quantities  of  heat,  because  they  have  different 
capacities  :  —  Different  bodies  hold  different  quantities  of  heat, 
hecaufe  they  have  different  affinities  /—yet  we  are  to  confider 
the  one  term  as  expreliive  of  a  property ,  and  the  other  as. 
expreffive  of  foe  caufe  of  that  property  !  Is  this  confident 
with  that  accuracy  and  precifjon  which  fhould  prevail  in 
the  language  of  fcience  ? 

But  this  is  not  all.  Heat  is  confidered  as  exifting  in  two 
dihjndl  flares  ;  free,  and  in  chemical  union.  When  heat 
is  in  equilibrio  in  any  place ;  in  other  words,  when  a  body 
js  in  equilibrio  with  the  bodies  which  furround  it  with  re- 
fpedt  to  its  heat  [that  is,  has  received  heat  from  the  common 
flock  proportioned  to  its  capacity]  ;  that  quantity  which  it 
contains  is  termed  latent  heat  or  ^caloric ;  combined  caloric  \ 
heat  in  chemical  union .  We  are  told  that  in  this  Hate  it 
is  not  perceptible  by  any  external  fign  or  organ  of  fenfe  \ 
that  it  does  not  affect  the  thermometer,  but  remains  qui- 
efeent  in  thofe  bodies  of  which  it  conflitutes  a  principle  \ 
and  that  it  is  then,  more  or  lefs,  in  a  hate  of  confinement. 

Is  the  heat  in  any  body  termed  latent  hecaufe  the  body 
has  not  a  papacity  to  receive  more  ?  No ;  for  if,  by  any 
means,  an  addition  be  made  to  the  common  hock  of  a  pre¬ 
ferred  fyftem  pf  bodies,  each  individual  fubhance  will  hill 
provide  lodging  for  a  fhare  of  the  added  quantity,  propor¬ 
tioned  to  its  capacity,  in  relation  to  the  capacity  of  the  reh. 
It  fhould  be  obferved  too,  that,  let  the  common  temperature 
be  what  it  may,  if  heat  be  in  equilibrio,  the  portion  in 
each  body  is,  by  fome  at  leah,  held  to  be  latent ,  in  contra- 
dihindlion  to  what  they  term  free  heat.  Hence  it  follows, 
that  the  quantity  of  latent  heat  ip  a  given  body  differs  in 
different  feafons  of  the  year  ;  for  heat  may  be  in  equilibrio 
|n  any  fyffem  of  bodies  in  fummer  as  well  as  in  winter.  An 
affembiage  of  different  bodies,  in  equilibrio  as  to  caloric,  in 
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Jamaica,  the  quantity  in  the  whole  is  latent ,  and  in  each 
fpccijlc  and  latent :  the  fame  holds  with  regard  to  a  fyftern 
of  fubftan'ces  in  England  in  the  month  of  January.  The 
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heat  in  both  cafes  is  latent.  If  the  one  fyftern  of  bodies 

j 

could  be  tranfported  to  the  other  in  a  moment,  and  placed, 
in  contact  with  it,  a  portion  of  that  heat  which  was  latent 
in  Jamaica,  would  be  counted  fenjible  heat  in  London  ! 
Th  is  is  exadlly  where  the  dodlrine  lands  us  when  viewed  gene¬ 
rally;  and  yet  we  are  to  confide  r  heat  as  having  two  diftin£t 
inodes  of  exiftence  !  But  let  us  take  a  clofer  view  of  it : 

When  by  the  pairing  of  a  folid  body  into  a  fluid  form 
the  furrounding  atmofphere  is  found  to  have  loft  heat,  this 
heat,  they  fay,  lias  not  been  merely  abforbed  by  the  fuh- 
ftance  that  has  become  fluid,  but  has  become  latent  in  iL 
When  a  liquid  paffes  into  the  aeriform  hate,  the  fame  phe¬ 
nomenon  accompanies  the  change,  and  alfo  the  fame  af- 
fertion ;  and  the  do&rine  is  meant  to  convey  the  idea  that 
heat  has  not  only  been  changing  its  place,  but  has  itfelf 
undergone  a  change  as  to  its  ftate,  its  properties,  and  mode 
of  action. 

It  is  a  generally  received  axiom,  that  no  more  caufes 
fliould  be  admitted  in  phyfics  than  what  are  true  and  fuffi- 
cient  to  account  for  the  phenomena.  Let  us  inquire  whe¬ 
ther  this  axiom  be  not  violated  in  the  cafes  ftated,  when  re- 
courfe  is  had  to  the  do6lrine  of  latent,  as  diftinguifhed  from 
free,  beat,  to  affift  in  explaining  the  phenomena. 

The  dimenfions  of  bodies  are  enlarged  when  heat  is 
poured  into  them  (D) .  The  primitive  moleciilse  (indepen¬ 
dent  of  the  heat)  of  which  the  bodies  are  formed,  are  forced 
farther  from  each  other  by  the  interpofed  matter  of  heat. 
Continue  the  adlion  of  the  fame  caufe,  their  cohefion  will 
be  deftroyed  entirely  (C),  and  they  will  be  diffufed  through 
the  predominating  fubftance  (heat),  as  the  particles  of  fa- 
line  fubftances  diffufe  themfelves  through  water  when  dif- 
folved  in  that  liquid.  In  the  cafe  juft  put  for  illuftration,  who 
ever  fuppofes  the  water  to  have  undergone  any  change  as  to 
its  eficnce  or  properties,  whether  direcftly  poured  upon  the 
faline  fubftance  or  furhilhed  to  it  by  the  atmofphere. 

In  chemical  combinations  it  is  admitted  that,  we  cannot, 
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a  prioriy  determine  the  properties  of  the  compound  from  & 
previous  knowledge  of  thofe  of  the  ingredients.  Every  fubftance 
has,  for  one  of  its  properties,  a  capacity  for  heat.  If  two 
be  united  chemically,  the  capacity  of  the  compound  for  heat 
may  not  be  that  of  the  fum  of  the  capacities  of  the  ingre¬ 
dients  for  the  fame  fubftance.  Indeed  it  feldom  or  never 
turns  out  fo.  If  by  any  procefs  then  we  change  the  capa¬ 
city  of  two  or  more  bodies  ;  or,  by  uniting  them,  produce  a 
third,  whofe  capacity  for  heat  is  greater  than  the  fum  of 
that  of  the  ingredients,  this  new  compound  mu  ft  demand 
from  the  common  (lock  of  heat  diffufed  through  the  atmo- 
fphere  and  other  neighbouring  fubftances  (A)  an  additional 
portion.  Is  there  any  thing  in  all  this  to  lead  us  to  the.  no¬ 
tion  that  the  p adage  of  heat  from  the  atmofphere,  or  other 
contiguous  bodies,  into  the  new  compound,  is  the  operation 
of  any  other  than  the  general  law  by  which  heat  tends  to  an 
equilibrium  among  all  the  bodies  in  a  fyftem  (B),  and  d if— 
fufes  itfelf  among  them  in  proportion  to  their  capacities  for 
heat  (E)  ?  Is  not  the  operation  of  thefe  laws  fuffident  to 
explain  the  phenomena  without  the  aid  of  any  others  ? 

But,  befides,  is  it  not  a  general  fa£t,  in  all  cafes  where  a 
capacity  for  a  greater  quantity  of  heat  is  produced  in  a  com¬ 
pound  than  the  fum  of  the  capacities  of  the  ingredients, 
that  the  fum  of  the  volume  of  the  compound  is  greater  than 
that  of  the  ingredients'?  And  is  it  not  equally  true,  that, 
when  ingredients,  before  in  union,  are  found,  on  being  fe~ 
•parated,  to  have  acquired  capacities  for  heat,  whofe  fum 
is  greater  than  was  that  of  the  body  in  which  the  ingredients 
were  united,  the  fum  of  the  volume  of  the  ingredients 
is  greater  than  the  volume  of  the  compound  was  •*  ?  Can  it 
he  correct  to  fay  that  it  neither  aftedls  our  fenfes,  nor  is  cog- 
nifable  by,  any  external  fign  !  when  we  can  fee  with  our 
eyes  its  effedf  in  the  increafe  it  has  made  in  the  volume  or 

At  the  moment  of  writing  I  do  not  recollect  a  fingle  exception. 
Tri  cafes  where  cryfiallifation  is  concerned  there  may  be  fome  apparent 
ones,  as  in  the  cafe  of  water  and  ice  ;  but  thefe  wilt  not  affeft  my  argu- 
•nrenti  It  is  enough  for  me  that  the  rjfcfl  holds  generally  in  the  cafes 
to  wb:ch  the  dodrine  of  latcnr  heat  is  applied — an  cffrft  perfedly  con- 
tbvroabk  w  the  general  law  (D),  and  alfo  ccgn  fable  by  uurfenfes . 
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the  compound  fubftance  before  us  ;  or  in  the  hutt  of  the 
mafles  of  two  or  more  fubftances  over  that  of  the  compound 
from  which  they  were  feparated  ? 

Again — When  gales  pafs  into  the  form  of  liquids,  or  li¬ 
quids  into  the  foiid  date,  heat  is  found  to  pafs  from  them, 
into  the  atmofphere,  ££  the  heat  that  was  latent  in  them 
before  now  becomes  fenfibleN  Was  it  not  cognifable  be¬ 
fore  ?  It  ought  not  to  have  been  fo  when  latent.  I  find, 
however,  that  the  volume  of  the  body  from  which  it  has 
been  feparated  is  now  lejs  than  before  ;  and  this  is  exactly 
what  ought  to  take  place  from  the  general  laws,  not  only  of 
heat  but  of  matter — a  fubftance,  heat,  has  been  feparated  from 
a  body  in  which  it  formed  a  part  of  the  mafs  or  volume, 
and  the  remaining  mafs  is  diminifihed  in  bulk. 

1  O 

Let  us,  however,  alter  the  mode  of  expreffion.  A  body, 
no  matter  by  what  means,  is  reduced  into  a  lefs  vo¬ 
lume;  it  is  fo  conftituted  as  to  admit  of  this  efiedf  being 
vpatTed  upon  it;  for  one  of  its  ingredients,  heat,  is  a  fubtile 
fluid  which  may  be  di (lodged ;  nay,  will  even  run  out,  when 
the  capacity  of  the  body  which  held  it  is  ieffened.  It  is 
no  way  ftrange,  in  this  cafe,  that  a  fluid  poured  out  of  its 
recipient,  and  which,  by  its  tendency  to  equilibrium,  mui: 
diffufe  itfelf  through  the  furrounding  bodies  in  proportion  to 
their  capacities  to  receive  it,  fihould  make  itfelf  mamfeft  to 
our  fenfe  of  feeling;,  we  be  in. o'  immerfed  at  the  moment  in 
one  of  the  neighbouring  fubftances,  the  atmofpliere,  which 
affords  a  lodging  for  a  portion  of  the  diflodgrd  heat,  and 
ferves  to  transport  other  portions  of  it  to  all  the  neighbouring 
bodies.  Nor  is  it  ftrange  that  a  fubftance  which,  while  it 
formed  an  ingredient  in  the  body  from  which  it  has  been 
removed,  conftituted  alfo  a  part  of  its  volume,  fliould,  when  it 
pafles  into  another  body,  mercury  in  a  glafs  tube,  caufe  an 
increafe  in  its  volume  proportioned  to  the  quantity  that  has 
palled  in. 

It  conftituted  fenjible  hulk  in  the  firft  body,  and  was  latent 
heat ;  it  eonftitutes  fenjible  bulk  in  the  lecond  body  alfo, 
but  there  it  is  fenjible  heat! !  Is  there  no  abfurdity  in  all  this  ? 

Heat  in  thofe  combinations,  in  which  the  term  latent  is 
employed,  not  cognifable  by  our  feiifes  !  Is  it  not  obvious 
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from  the  preceding  ftatement  that  this  is  a  miftake  ?  Be¬ 
fore  the  heat  palled  out  of  its  then  combination  it  made  a 
part  of  the  volume  which  we  contemplated  with  our  eyes, 
and  the  proportion  that  this  part  bore  to  the  whole  mighty 
in  many  cafes,  be  determined  by  adtual  meafurement.  Is 
fenfible  heat,  or  rather  heat  in  fuch  combinations  as  it  is  iri 
when  that  term  is  ufed,  cognifable  by  any  other  means  ? 

To  me  it  would  appear  as  corredt,  when,  by  any  power, 
the  capacity  of  a  veffel  filled  with  a  liquid  (water)  is  dimi- 
nifhed,  to  fay  that  the  portion  of  liquid  thereby  ejedbed  is 
fet  at  liberty ;  meaning  thereby  that  it  has  undergone  an 
efifential  change  as  to  its  form,  properties,  or  inode  of  ex- 
iftence  ;  as  to  fay,  when  the  volume  of  a  fuhfiance  contain¬ 
ing  heat  is  abridged,  and  a  proportionate  quantity  of  the 
heat  is  diflodged,  that  the  heat,  fo  dillodged,  has  undergone 
any  fuch  change. 

The  fadh  in  my  opinion  is,  the  fubftance  in  which  thd 
caloric  refided  has  undergone  the  change,  where  there  is  a 
change  ;  not  the  heat :  or,  if  it  be  changed,  the  change  is 
of  that  kind  which  pafifes  upon  a  brick  or  any  other  body 
when  we  move  it  from  one  room  to  another.  This,  I  think, 
mull  be  pretty  clear  from  what  wye  have  already  hated  ;  but 
I  hope  to  make  it  hill  more  fo  by  examining  a  particular 
cafe  or  two  which  have  been  made  to  ferve  for  a  foundation,1 
as  it  were,  for  the  dodlrine  which  I  oppofe. 

[To  be  continued.] 
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An  Account  of  the  Irides  or  Cor  once  which  appear  around ,  and 
contiguous  to ,  the  Bodies  of  the  Sun ,  Moon ,  and  other  Lu¬ 
minous  Objects.  Cadell  and  Davies,  1799*  46  pages* 

With  One  Copperplate. 
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JL  HIS  treatife  is  by  the  author  of  the  Obfervations  on  the 
hifi  exions  of  Light ,  of  which  a  fhort  account  was  given  in 
the  Philofophical  Magazine  for  September.  In  making 
thefe  obfervations,  that  ingenious  gentleman  perceived  that  > 

a  ray 
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a  rav  of  white  light,  palling  between  angular  fur  faces,  fucli 
as  the  aim  oft  meeting  edges  of  two  knives,  was  liable  to  be 
parted  by  its  bendings,  reparations,  and  other  changes,  into 
thofe  different!)  coloured  rays,  which  had  been  fuppofed  by 
Newton  to  be  the  primogeni&l  elements  of  pure  white  light. 
This  observation  ft  here  applied  to  explain  the  formation  of 
thofe  indes  or  corc'iea,  conjijling  of  many-coloured  circles,  which 
are  feen  contiguous  to  the  bodies  of  the  fun,  moon,  &c. 

The  order  of  the  colours  in  thefe  coronas  is  as  follows : 
I.  Next  to  the  body  of  the  luminary  a  circle  of  gray i fit 
black,  grayifii  blue,  or  faint  diluted  white,  altering  as  it 
recedes  into — A  ftronglucid  white  of  considerable  breadth. 
3.  Slender  rings  of  yellow  and  reel.  4.  A  fucceffion  of  rings 
of  violet,  blue,-  green,  yellow,  red.  5.  Green,  diluted  yel¬ 
low,  red ;  diluted  green,  diluted  red.  This  is  the  common, 
order;  but  it  is  occafionally  varied  by  flight  irregularities. 

Newton  has  made  the  only  plaufible  attempt  to  account 
for  thefe  appearances.  He  fuppofes  them  to  be  produced 
by  the  rays  of  light  falling  upon  globules  of  water,  hail,  or 
ice.  He  affurnes  that  globules  of  ice  or  hail  may,  or  ac¬ 
tually  do,  exift  in  fituations  in  the  atmofphere  in  which  they 
can  receive  the  rays,  fo  as  to  produce  that  analyfis  of  the 
white  light,  and  that  diftribution  of  the  coloured  rays  which 
thefe  coronas  exhibit.  He  conjectures  that  thefe  coronse  in 
the  atmofphere,  furrounding  the  fun  or  moon,  may  be 
produced  in  the  fame  manner  in  which  a  miniature  ap¬ 
pearance  fomewhat  fimilar  is  occafioned  by  the  reflexion  of 
light  from  a  lens  ciuickfilvered  on  the  back-fide. 

But  we  do  not  know  particles  of  hail  or  ice  always  to  exifi 
in  the  atmofphere  when  thefe  many-coloured  irides  or  co¬ 
ronas  appear.  The  ordinary  refraction  of  direbt  light,  in  its 
paflage  through  globules  of  liquid  water,  could  not  produce 
thefe  appearances.  Newtor/s  theory,  though  all  that  he 
poftulates  were  granted,  would  not  explain  that  particular 
diftribution  of  thefe  colours  in  the  coronse,  by  which  intervals 
or  vacant  fpaces  are  left  between  the  different  portions  of  the 
f?d  and  of  the  other  colours.  The  iris,  from  a  globule  of 
cryftal  having-  quickftlver  on  its  further  fide,  is,  according  to 
Newton,  produced,  not  by  the  reflexion  of  the  main  beam  of 
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light,  but  by  a  faint  light  irregularly  fcattered  in  every  di¬ 
rection  from  that  beam  :  and  a  light  fo  faint  would  d arcely 
be  equal  to  the  production  of  the  many-coloured  irides  round 
the  fun,  moon,  &c.  in  the  circumftances  in  which  thefe  ap¬ 
pear;  nor,  indeed,  could  the  globules  of  waterfall  under  any 
light  fo  faint,  where  the  main  beam  to  which  they  are  ex- 
pofed  is  broader  than  their  whole  furfaces. 

On  the  other  hand,  the  author  of  this  effay  has  obferved 
that  the  arrangement  of  the  colours  and  orders  of  colours  in 
the  n; any-coloured  irides  of  which  he  treats,  is  not  only  inir 
poffibl.e  by  any  refraction  that  can  he  fuppofed  ;  but  is  per - 
fedtly  the  Janie  with  the  arrangement  of  the  colours  in  the  two 
jets  of  fringes  into  which  a  ray  of  white  light ,  admitted  into 
a  dark  chamber ,  and  made  to  pajs  between  two  parallel  edges, 
is  naturally  divided.  Each  of  thefe  two  fets  of  fringes,  if 
taken  outward  from  the  central  line,  exhibits  precifely  the 
fame  arrangement  of  colours,  as  does  the  folar  iris  taken 
from  its  interior  to  its  exterior  extremity.  He  therefore 
concludes  that,  in  the  formation  of  the  many-coloured  irides, 
the  fun  s  irradiation ,  pnffmg  between  the  edges  of  contiguous 
drops  of  water  in  the  atmojpbere ,  is,  by  the  infetiing  attrac¬ 
tion  which  thefe  exercife  upon  it ,  feparated  into  two  fets  of 
fringes ,  which  fringes  conjiitute  the  irides ,  having  the  body 
of  the  Jim  for  their  central  tine.  This  is  the  author’s  theory. 

It  is  at  lead  admirably  ingenious ;  more  Ample  and  plau- 
fible  than  that  which  it  drives  to  furperfede ;  and  founded 
upon  a  better  induHion  of  unquedionable  faCts.  We  thould 
hope  that  the  general  difcuffion  of  philofophers  mud  finally 
edablidi  it  as  fcientide  truth.  The  effay  is  elegantly  and 
unaffectedly  written. 


A  Treatife  on  the  Chemical  Hijlory  and  Medical  Powers  of 
fame  of  the  mo  ft  celebrated  Mineral  Waters,  &c.  By 
•  William  Saunders,  M.D.  F.R.S. ,  &cd  Phillips, 
George-yard,  Lombard-dreet.  8vo.  483  Pages. 

THE  more  accurate  analyds  of  mineral  waters  by  mo¬ 
dern  ehemidry,  cannot  but  lead  national  phyficians  to  efti- 
mate  more  judly  than  before,  the  nature  of  their  refpeCtive 

medicinal  powers, 


In 
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tn  the  work  now  before  uS,  Dr.  Saunders  applies,  with 
fconfiderable  fkill,  the  information  of  chemical  analyfis  to 
Sffld  in  explaining  the  proper  remedial  ufes  of  the  waters  of 
the  moil  celebrated  mineral  fprings  in  Britain  and  on  the 
Continent. 

His  work  begins  with  an  account  of  the  phyficaf  qualities 
and  the  chemical  compofition  of  water,  and  of  its  natural 
iifes  in  the  animal  economy.  He  then  examines,  what  ex¬ 
traneous  fub  dances  are  liable  to  exift  in  folution  in  water, 
arid  by  what  chemical  teds  or  re-agents  the  prefence  of  any 
of  them  may  be  afeertained.  A  judicious  chapter  follows 
next-,  concerning  the  natuie,  as  more  or  lefs  falutary,  of  the 
waters  in  common  ufe. 

After  this  preliminary  matter  he  defeends  into  a  particular 
account  of  the  chemical  analyfis  and  the  medical  ufes  of 
three-and-tWenty  different  fpecies  of  mineralifed  waters. 
Thefe  are,  the  waters  of  Malvern,  Holywell,  Bridal  Hotwell, 
Matlock,  Buxton,  Bath,  the  Sea,  Sedlitz,  JJpfom,  Seltzer, 
Tunbridge,*  Spa,  Pyrmont,  Cheltenham,  Scarborough, 
Vichy,  Carlfbad,  Hartfell,  Harrogate,  Moffat,  Aix-la- 
Chapelle,  Borfet,  Barege.  A  fyiloptical  table,  exhibiting, 
in  one  view,  the  chemical  competitions  of  all  thefe  different 
waters,  ife  fubjoined  at  the  clofe  of  the  chapter. 

The  medical  ufes  of  water,  are,  next,  more  particularly 
eonfidered.  Water  in  geheral,  as  he  here  dates,  is  ufeful, 
in  proper  quantity,  to  dilute  and  fufpend  the  folids  which  are 
taken  into  the  ddmaeh,  fometimes  to  dimulate  languid  di- 
gedion  ;  foinetimes,  perhaps,  to  retard  that  which  might  be 
otherwife  too  rapid;  In  acute  difeafes,  its  internal  ufe  as  a 
‘diluent  is  highly  beneficial.  Tepid  water,  taken  irl  moderate 
dofes,  adls,  generally,  as  an  agreeable  ftimulant  to  the  do- 
rriaeh.  A  draught  of  water,  at  the  greated  warmth  at  which 
it  can  be  drunk*  will  commonly  give  Hidden  relief  from  heart¬ 
burn.  To  fedentary  perfons,  in  acute  fevers,  for  topical  in¬ 
flammations,  cold  water  and  the  cold  bath  may  be  very  ufe- 
fully  employed,  and  in  ice  for  burns.  The  warm ,  or  tepid  bath* 
is  adapted  to  prove  ferviceable  in,  perhaps,  a  dill  greater  variety 
of  indances.  Artificial  chemical  waters  arc  not  without  their 
Ufe. 
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Whether  medically  or  chemically  con  (icier ed,  this  V/ork  iif 
in  great  part,  a  compilation.  It  does  not  appear  that  Dr. 
Saunders  has  himfelf  adlually  analyied  the  different  mineral 
waters  of  which  he  here  givesj.be  hiftory  :  but  he  may  have 
had  opportunity  to  obferve  the  efleXs  of  them  all,  when  ad- 
niiniftered  as  remedies.  His  compilation  is  made  with  dili¬ 
gence,  with  diferimination,  and  with  evident  care  for  accu¬ 
racy.  A  rich  vein  of  medical  good  fenfe  runs  through  the 
whole  work :  d nd  it  is  even  much  that  the  authority  of  a 
phyfician  fo  truly  refpedtable  as  Dr.  Saunders,  fs  added  to 
that  of  the  different  medical  writers,  by  which  the  remedial 
ufes  of  thefe  waters  had  been  before  examined  and  explained* 
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General  Zoology ,  or  Syjlematic  hfatural  Hiftory .  By  George 
Shaw,  JMGD.  FJLS.  With  Plates  from  the  jhjl  Autho¬ 
rities  and  vi oil  f 'elect  Specimens.  Vol.  I.  (Mammalia.- 

Kearftey,  London;  1800.  8vo :  552  Pages,  121  Plates. 


AFTER  the  ftudv  of  man,  what  can  be  more  intereftin"; 
or  ufeful  than  to  examine  the  different  forms,  colours,  and 
manners  of  the  lower  animals  ;  to  trace  their  local  hiftory 
over  the  earth,  as  they  are  in  their  refpedtive  (filiations  to  be 
met  with ;  to  acquaint  ourfelves  with  their  relations  to  the 
ufes  of  human  life,  as  well  as  with  the  mutual  connexions 
and  dependencies  of  their  various  fpecies  on  the  reft  of  na¬ 
ture,  and  on  one  another  ? 

We  owe  to  two  illuftrious  foreign  natural) ft 5,  De  BufFoit 
and  Linnaeus,  thofc  fyftcms  of  natural  hi  (lory  by  which  the 
knowledge  of  this  fcfcnce  has  been,  in  the  courfe  of  the 
prefent  century,  the  mo  ft  fuCcelsfulIy  diffufed.  De  Buflfon, 
writing  in  a  popular  language,  and  with  great  fplendour  of 
ftyle,  has  become  the  natural  hi  dorian  of  the  people:  Lin¬ 
naeus,  feeking  his  chief  merit  in  the  excellencies  of  feientific 
enumeration  and  arrangement,  has  become  the  guide  of  phi- 
lofophers.  Buffon  is  quoted  as  good  authority  :  Linnaeus  is 
followed,  with  implicit  reverence,  as  a  mafter.  Tire  fchoei 
of  Buffon  is  now,  almoft  exclufively,  confined  to  his  eonti- 
nuators  and  editors  :  all  Europe  has  adopted  the  arrangement- 
And  the  terms  of  Linnaeus ;  and7  his  influence  is  as  great  in 
.  *  natural 
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natural  hifiory,  as  is  that  of  Sir  Ifaac  Newton  in  natural  phi- 
lofophy.,  or  that  of  Lavoifier  in  chemiftry. 

In  this  volume  Dr.  Shaw  o-iv.es  the  fir  ft  part  of  a  general 
fyftem  of  zoology,  in  which  the  arrangement  of  Linnaeus  is 
to  be  chiefly  followed.  Quadrupeds,  birds,  amphibia,  fifties, 
infe&s,  vermes,  teftaceous  animals,  zoophytes,  are  to  be 
comprehended  in  the  fyftem.  It  is  to  be  completed  in  ten 
or  twelve  volumes.  The  prefent  volume  comprehends  the 
hifiory  of  the  primates,  bruta,  and  ferae,  the  three  f I r ft  orders 
in  the  clafs  of  mammalia  or  viviparous  quadrupeds.  The 
peculiar  advantages  of  this  fyftem  are,  as  the  author  hopes, 
to  arife  from  the  combination  of  the  arrangement  of  Lin¬ 
naeus  with  the  materials  contained  in  the  works  of  Buffim 
and  Pennant;  from  the  correction  of  errors  relative  to  fyno- 
nyms  ;  the  inftitution  of  new  fpecies  ;  the  addition  of  more 
clearly  diftin&ive  fpecifie  characters  ;  from  the  communica¬ 
tion  of  thofe  new  faCts  in  natural  hifiory  which  have  been 
learned  in  late  voyages  to  the  South  Sea,  and  particularly 
by  observations  made  in  the  great  bland  of  Auftralafia,  or 
New  Holland.  The  descriptions  are  i  1! utt rated,  as  the  title- 
page  exp  re  lies,  with  engravings  of  the  forms  of  many  of  the 
animals  defended.  Thefe  engravings  are  copied  from  the 
works  of  Buffon  and  other  naturalifis,  from  various  original 
drawings,  and  from  fpecimens  in  the  Leverian  and  the 
Britifh  mufieum.  The  hifiory  of  thirty- ei oh t  different  genera 
of  quadrupeds  is  contained  in  the  fir  ft  volume.  The  en¬ 
gravings  are,  in  general,  well  executed  by  Heath  and  other 
artifts. 


It  is  extremely  probable  that  the  whole  work,  if  conducted 
to  an  end  with  the  fame  care  and  fkiil  which  appear  in  the 
firft  volume,  will  prefent  a  fuller  and  more  correCt  fyftem 
than  has  been  as  yet  publifhed  of  our  knowledge  in  zoology. 
Its  chief  merits  are,  great  clearnefs  and  accuracy  of  deferip- 
tlon,  fidelity  of  representation  in  the  engravings,  eafy  and 
perspicuity  of  liyle,  juft  dilcri munition  as  to  difiinClive  cha- 
raClers,  and  the  increafe  which  it  affords  of  the  number  of 
known  animals.  Its  chief  imperfections  are,  that  the  author 
appears  to  have  ftudied  more  in  cabinets  of  cnriofities,  than  by 
cooverfing  with  living  nature;  that  he  aflunles  for  hisauthcN 
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rities  in  fa£ts,  rather  the  writers  of  former  fy  Items,  than  the 
narratives  of  original  obfervations  from  which  thofe  writers 
compiled ;  that,  while  intent  chiefly  upon  accurate  descrip¬ 
tion,  he  has  told  little,  except  in  a  few  popular  inftances, 
of  the  manners,  habits,  and  local  relations  of  the  quadrupeds 
which  he  defcrib.es. 


The  AJiatic  Pcfe  arches  ’  or  Tranfatlions  of  the  Society  in * 
f  tinted  in  Bengal  for  inquiring  into  ihe  Hijlory  and  Anti - 
tiquities ,  the  Arts ,  Sciences ,  and  Literature  •  of  AJia , 
Vok  VI.  Calcutta,  1800. 

We  are  happy  to  find  that  this  Society  ft  ill  continues  its 
labours  with  unabated  fpirit  and  induftry.  The  contents  of 
this  volume  are : 

1.  A  Difcourfe  delivered  by  Sir  Robert  Chambers,  Knt. 
Prefident.- — 2.  Narrative  of  a  Journey  from  Agra  to  Oujein. 
* — 3.  An  Account  of  the  Inhabitants  of  the  Poggy  or  Naflau 
I (lands,  lying  oft' Sumatra. — 4.  Obfervations  on  the  Theory 
of-  Walls,  wherein  fome  Particulars  are  inveftigated  which 
have  not  been  confidered  by  W riters  on  Fortification. — 5.  On 
the  Poifon  of  Serpents  :  Supplement  to  the  foregoing  Paper. 
—6.  An  Account  of  Petroleum  Wells  in  the  Burmha  Coun¬ 
try. — 7.  On  the  Maximum  of  Mechanic  Powers,  and  the 
Effects  of  Machines  when  in  Motion. — 8.  On  the  Religion 
and  Literature  of  the  Burmas. — -g.  Narrative  of  a  Journey  to 
Sirinagur.  Enumeration  of  Plants  noticed  in  the  preceding 
Tour.  Letter  from  Sir  C.  W.  Malet,  Bart,  to  the  Prefident, 
on  the  Subject  of  the  following  Paper:— -jo.  Defcription  of 
the  Caves  or  Excavations  on  the  Mountain  about  a  mile  to 
the  Eaftward  of  the  Town  of  Ellora. —  f  1.  Remarks  on  fome 
Antiquities  on  the  Weft  and  South  Coafts  of  Ceylon :  writ¬ 
ten  in  the  Year  1796. — -12.  On  Mount  Caucafus. — 13.  On 
the  Antiquity  of  the  Surya  Siddhanta,  and  the  Formation  of 
Aftronomical  Cycles  therein  contained. — Appendix.  Rules 
of  the  Aflatic  Society.  Members  of  the  Afiatic  Society. 
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ASIATIC  SOCIETY* 

TT H  E  Aftatic  Society  inftituted  in  Bengal  for  inquiring 
into  the  Hi  (lory  and  Antiquities,  the  Arts,  Sciences,  and  Lite¬ 
rature  of  Aha,  having  refolved  to  give  with  each  fiibfequept  vo¬ 
lume  of  their  Refearches  a  lift  of  fuch  oriental  fubjedts  as  re¬ 
quire  further  illuftration,  and  to  invite  communications  on  the 
fubjedf,  have  feledfed  the  following,  and  prefixed  them  to 
their  laft  Volume,  lately  publiihed  at  Calcutta, 

I.  Religion ,  Policy ,  Jurisprudence,  Manners,  and  Cufloms . 

*  /  .  N 

1.  An  accurate  defcription  of  the  different  feftivals*  and 

fails  prevalent  in  India;  together  with  an  inveftigation  of 
their  origin,  and  of  the  reafon  and  fignification  of  their  pecu¬ 
liar  ceremonies.  As  thofe  are  very  numerous,  the  following 
are  fpecified  as  objects  of  primary  inquiry: 

Among  the  Hindus — -Doorga  Pooja,  or  Dufferah  ;  Kalee 
Pooja,  Dewalee,  Jonmon  Afhtomer,  Churkh  Pooja. 

Account  of  the  pilgrimage  to  the  temple  of  Jaganajha,  at 
Purfotom. 

Among  the  Mufulmans — -Eed  ul  Zoha,  Eed  ul  Fetr,  Eed 
(jhudeer. 

2.  An  enumeration  of  the  different  cafis  of  Hindus,  with, 
the  cuftoms  peculiar  to  each,  as  exifting  in  the  prefent  time. 

- — See  an  enumeration  from  the  antient  Sanfcrit  records, 
Afiatic  Ilefearches,  Vol.  V.  p.  33. 

3.  A  connected  hifiory  of  the  feverftl  Mufulman  tribes  ex¬ 
ifting  in  India :  among  thefe,  an  account  of  the  lingular  tribe 
^rtown  by  the  name  of  Borah ,  is  particularly  required. 

4.  What 
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4.  What  kinds  of  oaths  arc  confidered  as  peculiarly  hintL 
ino-  bv  the  different  tribes  and  fedts  in  Rinduftan  ? 

O  J 

3,  What  hiffoffcal  monuments  remain  of  the  government, 
and  the  fyftem  of  police  which  obtained  in  Hmduftan  pre- 
vioufly  to  the  Mufulman  invafion  ? 

II.  ■  Geography. 

1.  A  catalogue  of  the  names  of  towns,  countries,  pro¬ 
vinces,  rivers,  and  mountains,  from  the  Schafters  and  Pa¬ 
rana  s,  with  their  modern  names  annexed  ;  and  a  corredl  lift, 
according. to  the  oriental  orthography,  of  the  towns,  See. 
mentioned  by  Major  Rennell  and  other  European  geogra¬ 
phers.  The  etymology,  as  far  as  practicable,  would  alfo  be 
defirable. 

2.  What  were  the  geographical  and  political  divifions  of 
the  country  before  the  Mufujman  invafion  } 

III.  Biography. 

1.  Accurate  translations  of  the  accounts  given  of  the  life 
and  actions  of  Bouddha,  by  the  priefts  of  bis  feet. 

2.  To  inquire  if  there  be  any  accounts  remaining  of 
Chauchafan,  Gonagom,  and  Gal  pa;  whom  the  Burmas  re¬ 
present  as  having  preceded  Godama. 

3.  The  hhtory  of  Mahamoony,  a  difciple  or  follower  of 
Godama;  to  whom  alfo  adoration  is  paid  by  many  among 
the  worfhippers  of  Bouddha. 

4.  A  hiitory  of  thofe  faints,  philofophers,  &e.  either  male 
or  female,  who  have  become  famous,  in  modern  times, 
among  the  nations  and  religious  fects  that  inhabit  India. 

IV.  Commerce ,  Natural  Hijlory ,  Materia  Medic  a. 

1.  To  inquire  into  the  ftate  of  the  commerce  of  India 
previoufly  to  the  firft  fettlement  of  Europeans. 

2.  To  afeertain  the  different  trees  which  produce  gamboge, 
or  a  gum-refin  refcmbling  it:  to  inveftigate  the  qualities  of 
the  drug  as  procured  from  each  of  thofe  trees,  among  which 
we  may  reckon  the  following  :—Cambqgia  gut  to, ,  Linn.; 
Gai  •chili  celeblca ,  Linn.;  Stalagmltls  carnbogioldes ,  Keen.; 
Hypericum  pomlferum ,  Box.  To  procure  accurate  figure®  pf 
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the  Jlnlagmitis  cambogioides,  or  the  Ceylon  tree,  and  of  the 
tree  which  yields  this  drug  in  Cambodia.  Laftly,  to  deter¬ 
mine  whether  all  thole  trees  may  not  be  referred  to  one  genus. 

3.  To  afeertain  from  -what  country  the  root  commonly 
called  col  umbo  is  procured,  and  to  give  a  "botanical  deferip- 
tion  and  figure  of  the  plant  to  which  it  belongs. 

4.  The  botanical  names  of  plants  mentioned  in  the  Hindu 
books  of  Materia  Medtca . 

5.  To  fupply  the  deficiencies  which  remain  in  the  accounts 
of  the  pfodndtion  of  borax  in  the  neighbourhood  of  Tibet 
and  Napa!,  as  delivered  by  Mr.  Blanc  and  Father  Jofeph  de 
Ravato  in  the  Philofophical  Tranfadtions,  Vol.  LXXVII. 

6.  Whether  the  tobacco  plant  was  known  in  Alia  before 
the  difeovery  of  America;  and  whether  the  edict,  faid  to 
have  been  publifhed  by  Aurunzebe,  againfi:  the  ufe  of  that 
plant,?  be  authentic  ? 

I  j  / 

V.  Medicine  and  Surgery. 

t.  Hiftory  of  that  peculiar  inflammation  of  the  fchneide- 
rian  membrane  termed  nakra ,  with  the  mode  of  treatment 
by  the  natives. 

J 

1.  Hiftory  of  inoculation  for  the  fm. all-pox  among  the 
Hindus. 

3.  Antiquity  of  the  venereal  difeafe  in  India;  and  the  know¬ 
ledge  which  the  antient  Hindu  phyficians  had  of  its  cure. 

4.  Their  treatment  of  the  leprofv ;  with  fome  account  of 
the  different  fpeeies  of  that  difeafe  which  are  met  with  among 
the  natives  of  India. 

5.  How  long  have  the  natives  poftfefled  the  art  of  couching 
for  a  catara&j  and  from  what  fource  did  they  obtain  it  ? 

VI.  Language ,  Literature. 

t.  IIow  many  diale&s  are  there  of  the  Hinduwee,  i.  e.  of 
languages  connected  with  the  Sanfcrit;  and  in  what  parts  of 
India  were  they  or  are  they  fpoken  ? 

2.  What  general  term  had  the  natives  of  India  before  the 
Mufulman  invafion,  to  designate  what  we  imply  by  the  term 
Hindu. 

3.  To  obtain  as  full  a  catalogue  as  poffible  of  books  in  the 

Sanfcrit 
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Sanfcrit  and  other  Hindu  wee  languages,  containing  ttie  fol¬ 
lowing  particulars,  as  far  as  they  can  be  afcertained,  viz.  the 
names  of  the  authors,  the  fubjedts,  the  dates,  the  age  of  the 
mofi:  antient  manufeript  of  each  now  known  to  exift ;  and 
the  places  where  the  books  are  now  to  be  found. 

ELECTORAL  ACADEMY  OF  THE  USEFUL  SCIENCES 

AT  ERFURT. 

In  the  fitting  of  February  the  4th,  Dr.  G.  H.  Thilow 
communicated  to  the  Academy  an  account  of  fome  experi¬ 
ments  he  had  made  in  regard  to  Galvanifm.  Thefe  experi¬ 
ments  were  a  continuation  of  his  former  ones  and  tend 
ftill  further  to  confirm  the  idea  that  faltpetre  pofifefifes  the 
peculiar  property  of  weakening  the  nervous  fyftem.  This 
lie  afcertained  by  feveral  experiments.  Having  cut  off  a 
portion  of  the  crural  nerve,  which  had  been  laid*  bare,  and 
weakened  or  deprived  of  its  irritability  by  faltpetre,  he  laid 
bare  another  portion  towards  the  knee,  and,  by  ftrewing 
nitre  over  it,  deprived  it  in  a  few  minutes  of  all  fufceptibility 
of  irritation.  The  fame  thing  always  took  place  as  far  a§ 
the  toes  whenever  a  new  portion  of  the  nerve  was  laid  bare; 
The  author  thence  concludes  that  the  vital  power  is  hot  to¬ 
tally  extinguiihed  even  when  it  cannot  be  excited  by  the 
ftrongeft  ftimulants  applied  to  a  nerve  which  has  been  feveral 
times  fubiedted  to  the  adtion  of  fome  ftimulant.  The  heart 
of  a  frog  laid  hare,  and  ftill  in  connection  with  the  furround¬ 
ing  parts,  and  which  contradled  and  expanded  with  great 
vivacity,  being  ftrewed  over  with  a  little  faltpetre,  its  move¬ 
ment  was  by  thefe  means  immediately  checked  :  though  the 
author  had  taken  the  heart  from  the  thorax,  the  fore-Ws  of 
the  animal  ftill  moved  with  fuch  ftrength,  that  the  whole 
upper  part  of  the  body  was  thereby  agitated  from  one  fide  to 
the  other.  Some  drops  of  warm  milk,  let  fall  between  fome 
of  the  mufcles  and  nerves*  fpeedily  put  an  end  to  this  violent 
movement.  Thefe  linking  phenomena  the  author  endea¬ 
voured  to  explain  from  the  circumftanees  of  milk  removing 
obftinate  fpafmodic  affedtions,  and  reftoring  the  equilibrium 
of  the  mufcular  and  nervous  fibres.  He  had  obferved  alfo, 

;/ir  Sec  JChilofopbical  Mag/izine,  Vol.  VI.  p.  z 5*4. 
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feveral  times,  that  perfons,  whofe  fibres  were  too  rigid  and 
tenfe,  were  often  troubled  with  crampifii  affeHions,  and 
frequently  fu  fie  red  from  violent  flatulencies,  He  always 
found  that  their  complaints  were  increafed  by  bitters  or  car*- 
minatives  in  general,  but  that  they  were  leflened  by  the  ufe 
cf  lukewarm  milk; 

The  fame  author  read  fome  obfervalions  on  tile  ufe  of  the 

nJ*-  1  « 

German  opium.  As  foreign  opium  is  brought  to  Europe  in 
an  impure  and  imperfedl  ftate,  it  is  of  importance  to  dif- 
cover  fome  fubfiance  that  might  be  fubftituted  in  its  (lead. 
Profeflor  Trommfdorff  found  fuch  a  fubftitute  in  poppy- 
heads,  from  which  he  has  prepared  a  tinbture.  Dr.  Thilow 
having  made  fome  experiments  with  this  tinbture  in  the 
Clinical  Inftitute  of  Erfurt;,  obferved  that  it  fully  anfwered 
expectation  in  cafes  of  flux,  fpafms  in  the  ftomach,  gout>  and 
hyfterics*. 

FRENCH  NATIONAL  INSTITUTE. 

C.  Olivier  lately  read  before  this  fociety  fome  obfervatioils 
on  the  jerboa. 

His  objebt  was  to  febtify  an  error  into  which  the  antients 
and  moderns  have  fallen,  in  regard  to  the  manner  in  which 
the  jerboa  walks  ;  and  to  make  known  the  very  Angular 
organization  of  the  genital  parts  of  the  jerboa,  mus  jaculzis, 
Linn.,  thus J'agitta ,  Pall.,  to  compare  them  with  thofe  of 
the  aladiaga,  and  to  defcribe  more  at  length  the  fpecies  men¬ 
tioned  by  Linnaeus,  under  the  name  of  mus  longipes ,  im¬ 
properly  confounded  with  the  mus  meridianus  of  Pallas. 

The  jerboa  is  reprefented  in  an  erebt  pofture  on  the  Cy- 
renean  medals  5  Herodotus,  Ariftotle,  Theophraftus,  Pliny, 
&c.  among  the  antients,  and  Paul  Lucas,  Euffon,  Alla- 
mand,  Pallas,  Vic.  d’Azyr,  &c.  among  the  moderns,  have 
all  confidered  this  fmall  quadruped  as  a  biped,  that  is  to 


*  It  may  be  gratifying  to  our  readers  to  learn  that  a  premium  for  the 
production  of  opium  in  England,  offered  by  the  Society  for  the  .Encou¬ 
ragement  of  Arts,  Manufactures,  and  Commerce,  was  awarded  in  their 
lad  Seth. on  to  a  gentleman  who  produced  a  confide; able  quantity  fiom 
poppies,  which  was  found,  by  proper  trials,  to  contain  all  tha  requifite 
properties.  .  1 
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jay,  an  animal  which  walks  on  its  hind  legs  alone.  Olivier 
has  rectified  this  error  by  his  own  obfervation,  which,  on 
this  point,  perfectly  agrees  with  the  ftrudlure  of  the  body  of 
the  animal,  as  it  does  not  allow  it  to  remain  long  upright  on 
its  tarfi. 

The  penis  of  this  quadruped,  as  obferved  by  Sonnini  *, 
is  furnifhed  with  two  long  ofTeous  hooks  near  each  other, 
and  placed  towards  the  middle  of  the  upper  part  of  the  glans. 
The  latter  is  guarded  befides  with  p  pilla ?,  aim  oft  of  an  ofteous 
nature,  bent  back  and  fhaped  like  a  fpoon.  In  the  aladlaga,  the 
mus jaculans  of  Pallas,  the  glans  is  merely  covered  with  pa¬ 
pillae,  in  the  form  of  fpikes,  almoft  ftraight,  rounded  and 
directed  backwards.  The  tefticles  are  concealed  in  the  ab¬ 
domen  ;  and  the  orifice  of  the  vulva  in  the  female  appears 
to  be  confounded  with  that  of  the  anus* 

The  defeription  which  Olivier  gives  of  a  fmall  fpecies 
found  by  him  in  Egypt,  and  which,  in  ftze,  is  nearly  equal 
to  that  of  a  rat,  is  perfectly  applicable  to  the  mus  longipcs 
of  Linnaeus;  except  that  the  latter,  according  to  Linnaeus, 
has  only  four  toes  on  the  fore  feet,  while  that  of  Olivier 
has  five;  but  it  may  be  poftible,  fays  Olivier,  that  Linnaeus' 
did  not  pay  attention  to  the  thumb,  which  is  indeed  very 
fhort. 

As  there  is  great  confufion  in  the  fynonymy  of  authors, 
Olivier  endeavours,  at  the  end  of  his  memoir,  to  redfify  their 
miftakes.  At  the  fame  time  he  gives  the  fpecific  charac¬ 
ters  of  the  fpecies,  which,  in  his  opinion,  belong  to  that 
genus. 

1.  Dipus  cerfer  pedibus  pofticis  tetradadfylis. 

2.  Dipus jerboa  pedibus  pofticis  tridadtylis. 

3.  Dipus  aladaga  pedibus  pofticis  pentadadfylis,  fatera- 
fibus  multo  brevioribus. 

4.  Dipus  gerhiUus  fupra  ftavus  fubtus  albus pedibus 
pofticis  pentadadrylis,  digitis  fubaequalibus. 

Decandolle  communicated  to  the  Firft  Clafs  of  the  Infti- 
tute  a  monography  of  the  bilocular  leguminous  plants. 

Thebilocular  leguminous  plants  are  thofe,  the  fruit  of  which 
are  divided  into  two  cells  by  a  longitudinal  partition,  com-' 

*  Voyage  en  Egypt e,  VoL  I.  p.  133.. 
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plete  or  incomplete.  Tournefort  has  given  a  fedtion  of  them 
in  his  family  of  the  papiliohacei.  Linnaeus  has  eflablifhed 
them  into  three  genera  :  the  hiffemla ,  charadterifed  by  its 
indented  feed  ;  the  phaca ,  the  feed  of  which  ought  to  be 
femi-bilocular ;  and  the  ajlragalus ,  where  the  feed  is  bilo¬ 
cular  ;  but  thefe  two  laft  genera  are  not  {’efficiently  diftindt; 
for  that  reafon  Lamark  united  them.  Decandolle  has  re- 
tained  that  arrangement,  but  he  has  changed  the  charac- 
ters  and  rendered  them  more  diftindt. 

The  genus  of  th o,  phaca  has  for  its  character  a  carina,  fur- 
nifhed  with  a  long  ftraight  point ;  a  feed  with  two  longitu¬ 
dinal  cells,  fometimes  complete,  but  for  the  1110ft  part  in¬ 
complete,  formed  by  the,  folding  back  of  the  upper  future. 
This  genus  comprehends  twenty  fpecies,  viz.  phaca  Jebirica\ 
Li  nn.;  ph.  myriophylla,  muricata,  fylvatica^  oxyphylla,  pro- 
Jlrata ,  Pall.;  ajlragalu  <; -jer  tic  ell  avis ,  alptnus  montanus ,  cam- 
pejlris^  piloj'us,  Linn . ;  ajlr.  J  cell  dus,  Vill.  ;  ajlr.  dejlexusy 
Pa l l . ; ajlr. aymularis , Forsk.;  and feven undeferibed fpecies. 
The  phaca  alpina ,  aujlralis  bretica  and  rtgida ,  are  referred 
to  the  colutea.  The  genus  ajlragalus  is  diftinguifhed  from 
the  preceding  by  its  obtufe  carina,  and  its  feed  with  two  lon¬ 
gitudinal  cells,  fometimes  complete,  or  for  the  mod  part  in¬ 
complete,  formed  by  the  repli  of  the  lower  future.  It  compre¬ 
hends  125  fpecies,  36  of  which  are  nondefeript.  This  vaft 
genus  had  been  divided  into  three  fedtions,  according  as  the 
ffalk  was  herbaceous,  ligneous,  or  null ;  but  thefe  divifions 
are  not  corredL  Decandolle  has  divided  the  genus  into  two 
fedtions,  according  as  the  ftipulas  are  diftindt  from  the  pe¬ 
tiole,  or  adherent  to  it.  The  firft:  fedtion  comprehends  the 
fpecies  with  yellow  or  purpurine  flowers.  The  fecond  is  di¬ 
vided  into  three  fubdiviflons ;  the  firft  has  the  ftipulae  ad¬ 
herent  to  the  petiole  and  the  ftalk,  and  the  petiole  herba¬ 
ceous  and  not  fpinous ;  the  ■  fecond  has  the  petiole  not 
fpinous  and  caduque ;  the  third  has  the  petiole  fpinous 
perfijlant ,  and  the  folioles  caducous.  Thefe  are  the  tra- 
gacantha  of  which  the  old  botanifts  made  a  genus ;  but 
the  frudtification  prefects  no  charadter,  and  exhibits  the 
fame  variations  as  thofe  of  the  other  aftr3guli. 

The  phaca ,  ajlraguli ,  b'aguenaudiers ,  and  fcveral  other 

N  %  genera 
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genera  in  different  families,  have  the  verficular  pericarpium 
filled  with  air.  Decandolle.  has  obferved;  that  if  this  air  be 
anal y fed  at  the  moment  when  it  is  colledled  from  the  pe¬ 
ri  carpi  a  in,  it  is  found  to  be  of  the  fame  purity  as  atmofpheric 
air ;  but  if  this  pericarpium  be  immerfed  in  water,  the  air 
loffs  its  purity,  and  in  the  courfe  of  about  a  day  no  oxygen 
gas  is  found  in  it.  The  fame  thing  takes  place  in  the  fun 
as  well  as  in  abfcurity.  The  total  quantity  of  the  air  does 
not  appear  to  the  eye  to  be  diminifhed.  Is  the  oxygen  gas 
converted  into  carbonic  acid  gas  ?  or,  rather,  does  it  not 
ferve  for  the  nutrition  of  the  feed.  What  tends  to  fupport 
this  idea  is,  that  Humboldt  found  that  the  tunics  of  the  feeds 
contain  azot  alnioft  in  a  date  of  purity.  This  fadt coincides 
vyith  an  obfcrvation  which  Decandolle  made  before  on  the 
veficles  of  Xhzfucus  veficul.oJ.us  ;  he  obferved  that  thefe  ve~ 
ficles  contained  atmofpheric  air  when  they  had  remained 
fpme  hours  out  of  water,  and  azotic  gas  when  they  had  been 
Ibme  time  immerfed  in  it.  Thefe  fadts  deferve  the  attention 
of  phyfiologifts. 

It  is  well  known  that  gum  tragacanth  is  furnifhed  by  cer¬ 
tain  fpecies  of  the  ajlragalus ,  called  on  that  account  tra- 
gacanthfs .  It  appears  that  feveral  fpecies  of  this  divifion 
poffefs  the  fame  property ;  according  to  Tournefort,  the 
ajlragalus  creticus  furni flies  this  gum  in  the  ifiand  of  Crete; 
and  the  ajlragalus  gummifer  furnifhes  fome  of  it  alfo  in 
mount  Lebanon,  according  to  Lubillardier.  It  appears 
that  it  was  the  ajlragalus  echinoides ,  from  which  Profper 
Alpinus,  as  he  fays,  faw  this  gum  diftilling.  In  a  word, 
Olivier  affures  us  that  the  gum  ufed  in  commerce  comes 
neither  from  Crete  nor  from  Lebanon,  but  that  the  place 
of  its  deport  is  Aleppo;  and  that  it  is  brought  thither  from 
Terfia,  where  indeed  the  fhrub  that  produces  it  is  found.  It 
ig  a  tragacanth  a  not  yet  defcribed. 

The  anti-fyphilitic  properties  of  the  ajlragalus  exj campus 
have  of  late  been  much  extolled,  and  Hill  require  confirma¬ 
tion.  The  rarity  of  ibis  plant  prevents  it  from  being  fub- 
jeCted  to  experiments.  Decandolle  recommends  making  them 
on  the  ajlragalus  incanus ,  and  monoj'pejjulanus ,  which  grow 
iu  France*  and  which  feems  to  be  analogous  to  the  former. 

The 
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The  exigence  of  ornitholites  in  ftrata  of  fubmarine  forma¬ 
tion,  is  ftill  contefted  by  feveral  naturalifts.  The  celebrated 
Fortis  has  even  publifhed  a  memoir  in  which  he  proves  that 
no  well  afeertained  inftances  of  this  eircumftance  had  ever 
been  known.  Mention  had  indeed  been  made  in  feveral 
works  of  thofe  found  at  Montmartuj  but  fome  doubts  ftill 
remained. 

C.  Cuvier,  however,  has  lately  prefented  to  the  Inftitute 
a  foffil  which  feems  to  have  all  the  chara&ers  of  an  orni- 
tholite.  It  is  a  leg  compofed  of  a  portion  of  the  femur, 
a  tibia,  and  a  tarfus,  in  one  piece ;  three  toes,  one  of  which 
has  three,  the  fecond  four,  and  the  other  five  articulations, 
and  the  veftige  of  a  fpur.  Thefe  members  are  not  found  but 
in  the  clafs  of  birds  alone. 

This  leg  was  incrufted  in  that  kind  of  gypfum  which  in 
large  ftrata  occupy  fuch  an  immenfe  fpace  around  Paris*  It 
was  found  at  Yille-Juif,  in  the  third  mafs,  that  is  to  fay, 
about  fixteen  yards  lower  than  the  ftrata  which  contain  the 
bones  of  quadrupeds  already  deferibed  by  the  fame  author. 

C.  Vidron,  mufic  mafter  at  Paris,  having  announced  a 
difeovery  he  had  made,  by  means  of  which  perfons  born  deaf 
could  be,  enabled  to  hear  mufic.  Haiiy,  Lacepeae,  and  Cu¬ 
vier,  were  appointed  to  examine  this  difeovery,  and  to  make 
a  report  on  the  fubjeht  to  the  Inftitute.  It  appears  from  this 
report  that  the  apparatus  employed  by  C.  Vidron  confifts  of 
a  fteel  rod,  one  end  of  which  he  places  on  the  lid  of  a  harp- 
fichord,  and  the  other  between  the  teeth  of  the  deaf  perfon. 
This  rod  is  furnifhed  alfo  with  a  branch  terminated  by  a 
knob,  which  refts  in  the  pit  of  the  ftomach,  and  fometimes 
alfo  with  a  fecond,  applied  to  the  cranium.  The  commif- 
honers  mentioned  that  feveral  authors  have  announced  that 
certain  deaf  perfons  had  been  made  to  hear  mufical  founds 
by  eftablifhing  a  communication  between  their  teeth  and  the 
inftrument  by  means  of  a  rod,  goblet,  or  other  body.  Of 
thefe  authors  they  mentioned  Fabricius  ab  Aquapendente, 
Schellhammer,  Boerhaave,  Winkler,  and  Joriflen. 

They  endeavoured,  in  particular,  to  determine  how  far  this 
invention  might  be  of  utility  either  in  regard  to  the  different 
kinds  of  deafnefs,  or  in  regard  to  the  different  kinds  of  found, 

which 
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which  one  may  wifi  to  communicate’.  They  gave  themfelves 
an  artificial  kind  of  deafnefs  by  (lopping  their  ears,  and  re¬ 
moving  to  a  great  diftan.ee.  In  both  thefe  cafes,  founds  were 
perfectly  heard  by  the  Heel  rod,  and  the  founds  appeared  to 
them  to  come  from  the  infide  of  the  rod,  and  not  from  their 
real  place.  But  the  refults  were  different  with  refpedl  to  fofne 
perfons  actually  deaf,  on  whom  the  experiments  were  tried. 
Some  of  them  heard  very  dillindlly ;  but  the  greater  number 
declared  that  they  experienced  only  a  tremulous  movement, 
more  or  lefs  general. 

The  commiitioners  conclude  that  this  method  may  be  em¬ 
ployed  with  fuccefs  in  cafes  of  deafnefs  which  arife  only  from 
feme  obftruetions  in  the  external  part  of  the  auditory  paff’age, 
but  that  it  is  ufelefs  in  thofe  occafioned  by  a  paralyfis  of  the 
nerve,  or  any  effential  derangement  in  the  interior  organs, 
which,  unfortunately,  is  moll  commonly  the  cafe,  efpecially 
in  thofe  born  deaf.  They  are,  however,  of  opinion,  that  it 
ought  to  be  tried  on  young  perfons  who  are  deaf;  for,  even 
if  there  were  found  only  one  in  a  hundred  capable  of  deriving 
benefit  from  this  refource,  it  would  at  any  rate  be  one  fource 
more  of  enjoyment  to  fuch  an  individual. 

In  regard  to  articulate  founds  or  words,  the  commififioners 
found  that  it  is  hardly  pofifible  to  hope  that  they  can  be  con¬ 
veyed  with  accuracy  by  this  apparatus,  at  lead  in  its  prefent 


Hate. 


In  the  fitting  of  Augud  23,  General  Dugua,  who  had  re¬ 
turned  from  Egypt,  having  brought  with  him  two  copies  of 
a  remarkable  infeription  found  on  a  black  granite  of  an  ex¬ 
ceedingly  fine  grain,  prefented  them  to  the  luftituie. 

This  monument  was  difeovered  in  digging  up  the  earth  at 
Fort  Ell  eve,  near  the  Bogar  of  Rofetta,  two  leagues  from  that 
town. 

It  was  not  brought  to  Cairo  till  after  Buonaparte's  depar¬ 
ture,  and  was  depofted  in  tfe  Inftitute  of  that  city.  The 
dilcovery  was  made  by  C.  Bouchard,  lieutenant  of  engineers, 
who  was  appointed  to  fuperintend  the  repairs  of  the  fort. 

-  Two  members  of  the  commifi on  of  the  arts  were  employed 
at  Cairo  in  taking  copies  of  this  monument,  unique  of  its 
kind,  in  order  that  it  might  be  preferred  whatever  might 
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happen.  The  firft  was  C.  Marcel,  director  of  the  national 
printing-office  in  Evgpt,  who  poffelfes  extenfive  knowledge 
and  an  indefatigable  zeal  for  acquiring  more.  By  a  fimple 
typographic  procefs  he  obtained  copies  with  the  characters 
inverted,  but  which  could  be  eafily  read  by  means  of  a 
mirror.  The  fecond  was  C.  Conte,  chief  of  the  brigade  of 
aeroftats,  who,  by  his  knowledge  of  mechanics  and  the 
arts,  had  always  been  one  of  the  mod;  ufeful  men  in  the 
Colony. 

He  employed  the  procefles  of  engraving  to  obtain  copies, 
which  at  fir  it  gave  the  characters  inverted  ;  but  thefe  copies 
being  put  under  the  profs,  gave  others  fimiiar  to  the  inferip- 
tions. 

The  infeription  is  in  three  different  characters  ;  one  portion 
prefents  a  feries  of  hieroglyphics,  in  feveral  lines  exceedingly 
regular;  another  which  has  not  yet  been  fufficiently  ex¬ 
amined,  exhibits  a  great  number  of  lines  in  characters  which 
ftill  leave  fome  uncertainty,  and  which  require  a  more  pro¬ 
found  refearch.  The  la  ft  portion  is  compofed  of  fifty  three 
lines,  written  in  Greek.  Laport-Dutheil  one  of  the  mem¬ 
bers  of  the  clafs  of  literature  and  the  fine  arts,,  immediately 
began  to  tranferibe  this  part;  and  communicated  to  the 
elafs  a  part  of  its  contents.  He  afterwards  made  known 
the  fub fiance  of  nearly  the  whole  of  it,  having  tranferibed  th€ 
firft  thirty-eight  lines.  According  to  his  explanation,  it  ap¬ 
pears  that  the  infeription  is  a  monument  of  gratitude  from 
the  priefts  of  one  or  more  temples,  either  of  Alexandria  of 
fome  place  in  the  neighbourhood,  to  Ptolemy  Epiphanes. 

A  literary  man  of  eminence  has  already  publifhed  fome 
obfervations  on  the  firft  explanation  given  of  the  Gieek  text. 
If  the  infeription  be  in  honour  of  Ptolemy  Dionyfius,  fays  he, 
it  follows  that  the  date  of  it  mufi  he  63  years  before  the 
Chriftian  sera  ;  on  the  other  hand,  if  the  inferiptions  exprefs 
Che  fame  thing,  it  thence  follows  that  the  hieroglyphic 
language  was  in  ufe  even'  fa  late  as  goo-  years  before  Chrift  % 

though 

*  The  ^pocalypfe  furnifhes  a  direct  proef  that 'it  was  underhooffi 
even  fubfequent  to  the  Chi  i  ft  inn  sera.  If  commentators  had  attended  to 
tills  faff,  and  followed  the  hieroglyph  leal  acceptation  of  the  figures  em¬ 
ployed 
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though  it  is  commonly  believed  among  the  learned,  that  In 
the  time  of  Herodotus,  that  is  nearly  500  years  before  Chrift^ 
the  knowledge  of  this  language  was  already  loft. 

Since  thefe  infcriptions  were  prefented  to  the  Inftitute, 
Bonaparte  has  ordered  engravings  to  be  made  of  them,  in 
order  to  gratify  the  curiofity  of  the  learned  in  all  countries. 


FOSSILS. 


Faujas  St.  Fond  has  lately  brought  to  Paris  fome  curious 
foffils,  having  on  them  the  impreffion  of  plants ;  which  he 
found  under  lava  at  the  depth  of  twelve  hundred  feet.  Juffieii, 
Desfontains,  andLamark,  haveobferved  that  feveral  of  thefe 
impreffions  belong  to  plants  common  in  Europe  at  prefent; 
fuch  as  leaves  of  the  chefnut  tree,  of  the  birch,  mountain- afh, 
the  maple,  an  entire  cone  of  the  pinus  fylvejlris ,  and  a  portion 
of  a  cone  of  the  pinus  Jatvoa .  Fabricius  and  Latreille  dis¬ 
covered  in  them  alfo  the  impreffion  of  an  infe£fc,  which  is  the 
common  hydrophylus  or  water  -beetle.  Faujas  St.  Fond 
intends  to  publifh  an  account  of  this  difcovery,  illdftrated 
with  engravings. 

ployed  in  that  book,  inftead  of  giving  their  own  opinions,  founded  on  a 
fuppofed  refemblance  of  the  figures  to  the  objefilsto  which  they  arbitrarily 
applied  them,  they  would  have  coiiie  nearer  to  the  author’s  meaning  than 
they  have  done. — Edit. 
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Fige  356,  I.  2 1,  for  this  r.  their :  p.  360,  1.  5.  for  her  r.  the  i  p.  362,  1. 1 24 
for  mere  r.  more :  p.  372,  1.  4,  for  fulpbat,  r.  fulphuret 
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A  Jbort  View  of  the  Obfervations  which  have  been  made  at 
different  Times  on  the  Luminous  Appearance  of  the  Seat, 
Lead  in  the  Pbyjical  Society  of  Gottingen,  by  J.  G.  L» 
Blum hoff  *. 

rip 

HERE  are  many  things  in  nature  of  which  we  know 
nothing  more  than  that  they  exift :  refpeCting  the  manner  iii 
which  they  exitt,  and  for  what  purpofe,  we  are  entirely  ig¬ 
norant.  They  are  often  the  objeCts  of  our  wonder  and  ad¬ 
miration  j  but;  owing  to  the  imperfection  of  our  faculties* 
we  can  acquire  no  fatisfaCtory  knowledge  of  their  nature. 
The  only  courfe,  therefore,  which,  as  rational  beings,  we  can 
purfue  in  fuch  cafes,  is  to  endeavour,  by  the  help  of  con¬ 
jectures,  to  open  a  way  to  truth ;  and,  when  this  cannot  be 
accompli  died,  to  endeavour  to  approach  as  near  to  it  as  pof- 
fible.  This,  indeed,  may  often  be  effected  with  fome  degree 
of  fuccefs,  by  admitting  certain  hypothefes,  or  fundamental 
principles  deduced  from  analogy,  efpecially  when  our  re- 
fearches  are  conducted  with  accuracy  and  perfeverance.  It 
may  be  proved  by  innumerable  inftances,  taken  from  the 
hiftory  of  the  fciences,  that  hypothetical  and  conjectural 
explanations  have  often  conducted  mankind  to  the  difcovery 
of  immutable  laws,  and  truths  of  the  greatelt  importance. 

To  explain  the  phsenomena  of  nature,  has  always  been 

*  From  Magazin  fur  den  Neuejien  Zujland  der  Naturkunde,  Vol.  I. 
part  4. 
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the  employment  of  philofophers ;  and  yet  there  are  many 
of  them  refpedting  which  our  knowledge  is  very  uncertain. 
But  how  is  it  poffible  for  fuch  fhort-fighted  beings  as  men 
are,  to  have  at  command,  and  employ  in  a  proper  manner, 
all  thofe  external  circum dances  which  are  necefTary  for  the 
thorough  examination  of  fuch  phenomena  ?  A  thoufand 
things  occur  daily  in  nature  which  it  is  impoflible  for  out 
coarfe  organs  to  perceive,  and  much  more  to  obferve  in  a 
perfect  manner  :  in  this  paper,  however,  I  fball  not  defcend 
to  micro fcopic  objects,  but  offer  a  few  remarks  refpe6ting  a 
phaenomenon  which  frequently  occurs,  and  which  has  at¬ 
tracted  the  notice  of  many  celebrated  philofophers — I  mean 
the  luminous  appearance  of  the  fea.  This  phenomenon, 
which  exhibits  fo  magnificent  a  fpeClacle  to  navigators,  and 
which,  when  beheld  for  the  firft  time,  mud  excite  adonifh- 
ment,  deferves  certainly  to  be  examined  with  more  care  and 
attention.  I  fhall  here,  therefore,  take  a  diort  view  of  the 
information  which  has  been  collected  on  this  curious  fubjedt. 

That  the  water  of  the  fea  fometimes  exhibits  a  luminous 
appearance  in  the  night-time,  efpecially  when  dr»ck  by  the 
rudder  of  a  (hip,  or  drongly  agitated  by  its  refidance  to  the 
motion  of  the  vefiel,  is  a  circumdance  well  known ;  and 
this  phenomenon  appears  fometimes,  in  calm  weather,  like 
multitudes  of  fmall  dars  difpcrfed  over  the  furface  of  the  fea. 
It  frequently  happens,  alfo,  that  the  places  only  next  the  Oiip 
or  the  {hip’s  wake,  or  the  track  through  which  fifh  have 
paffed,  appears  luminous.  The  well-known  Americus  Vef- 
pufius,  the  Italian  navigator,  according  to  Kircher,  was  the, 
fird  perfon  who  obferved  this  circumdance. 

In  Lichtenberg’s  Magazine  for  the  lated  Difcoveries  in 
Phyfics  and  Natural  Hidory  *,  we  find  the  following  de- 
fcription  of  this  phenomenon  as  obferved  in  the  Baltic  : — * 
“The  phofphoric  phenomena  in  the  Baltic  generally  appear 
in  tliedarked  nights,  with  an  undulating  motion,  in  the  track 
formed  by  veffels  in  their  progrefs  through  the  waves.  The 
water  feems  to  emit  a  lively  light,  which  is  fometimes  of  a 
pale  red  colour,  and  has  the  refemblance  of  fparks.  Some¬ 
times  it  exhibits  the  appearance  of  a  regular  dream  of  fire  in 

*  VqI,  II,  part  iv.  p.  48.- 
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the  fhip’s  wake.  This  phaenomenon  is  feen  fometimes  alfo 
'ft/hen  the  wind  blows,  but  not  with  that  majeflic  appear¬ 
ance  as  during  a  calm.  It  is  worthy  of  remark,  that,  when 
veiTels  are  lying  at  anchor,  this  phaenomenon  is  obferved 
here  and  there,  darting  itfelf  from  one  place  to  another 
with  great  vivacity,  behind  the  veiTels,  even  when  they  make 
little  or  no  motion.”  This  defcription  agrees  in  the  moft 
effential  parts  with  that  of  Gentil,  who  obferved  the  fame 
phaenomenon  in  the  Indian  feas,  particularly  in  the  channel 
of  Mozambique.  On  one  occafion  the  lea  appeared  to  this 
navigator  and  his  whole  crew  to  be  entirely  covered  with 
fire,  and  each  wave  to  confift  of  a  mafs  of  pholphoric  matter. 
The  {hip  feemed  as  if  moving  up  and  down  in  a  fiery  lake. 
Some  of  the  rapes  reflected  the  light  fo  ftrongly,  that  the  people 
on  board  could  have  read  by  it.  The  fire  of  Saint  Elm6  ap¬ 
peared  alfo  at  the  fame  time  on  the  fummit  of  the  mainmaft  *. 

Boyle  f  fought  for  the  caufe  of  this  phenomenon  in  cer¬ 
tain  general  laws  of  the  earth,  or  of  our  planetary  fyftem ; 
but,  had  this  celebrated  philofopher  conlidered  the  fubje£V 
with  a  little  more  attention,  he  would  have  found  that  it 
may  be  explained  on  much  better  principles. 

Father  Bourzes  during  his  voyage  to  India  in  the  year 
1704,  had  feveral  times  an  opportunity  of  obferving  the  lu¬ 
minous  appearance  of  the  fea,  and  has  given  us  a  very  valif-* 
able  account  of  the  phaenomenon.  The  light  was  often  fo 
ffrong  that  he  could  read  by  it  the  title  of  a  book,  though  he 
flood  at  the  height  of  nine  or  ten  feet  above  the  furface  of 
the  water.  Sometimes  he  could  diftinguifh  the  luminous 

Nous  eumes  clans  ces  parages  de  fi  mauvais  temps,  et  entr’  autres  une 
nuit  ft  ep.uu  valuable,  que  la  mer  fembloit  etrc  tout  en  feu :  chaque  lame 
etoit  pour  ainfi  dire  un  phofphore  :  le  vaifleau  pareiiToit  etre  dans  un  etang 
de  feu.  Nous  etions  a  la  cape  fous  la  nufaine  :  cette  voile  reflechiffoit  la 
lumiere  de  la  mer  a  un  point,  qu’on  eut  dit  qu’elle  £toit  eclairee  par  la 
lumiere  d’un  tres  grand  nombre  de  fanaux ;  et  on  eftt  pu  lire  aupres  de 
la  relinque  de  cette  voile,  a  la  faveur  de  cette  lumiere  reflechie  de  la 
mer.  Le  feu  de  St.  Elme  parut  un  inftantauhaut  du  grand  m^t. — V yage 
dans  les  Mers  d'lnde ,  Vol.  I.  p.  687. 

+  Philofophical  Tranfaff ions,  Vol.  LIX.  p.450. 

+  Lettres  ediftantes,  Vol.  IX.  Philofophical  Tranfa&ions  abridged, 

V«l,  V.  p.  x  rj, 
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parts  from  thofe  that  were  not  fo  in  the  fhip’s  wake.  The 
former  exhibited  in  part  luminous  points  and  in  part  fmall 
luminous  globules,,  fame  of  which  were  from  one  to  twq 
lines  in  diameter,  and  others  as  large  as  a  man’s  head. 
Sometimes  they  formed  ftreaks  from  three  to  four  lines  in 
length,  and  one  or  two  lines  in  breadth  :  fometimes  they  re- 
femblcd  luminous  vortices,  which,  according  to  the  author's 
expreffiqn,  appeared  and  difappeared  fuddenly  at  certain  peT 
riods,  like  flafhes  of  lightning. 

Father  Bourzes  obferved  alfo,  that  the  paflage  of  fifh 
through  the  water  was  marked  by  a  ftream  of  light,  fo  that 
it  was  often  poflible  to  diftinguifh  their  fhape  and  fize.  He 
remarked  alfo  a  number  of  luminous  particles  in  the  water 
drawn  up  from  the  fea,  when  he  flirred  it  round  with  his 
hand  jn  a  dark  place.  Thefe  luminous  particles  he  obferved 
alfo  on  a  piece  of  linen  which  he  had  dipped  in  Tpa-water^ 
when  it  was  wrung  in  the  dark,  and  even  when  it  was  half 
dry. 

This  attentive  obferver  confiders  the  principal  caufe  of 
thefe  phenomena  to  be  a  kind  of  greafy  vifcous  matter  in 
the  water  of  the  fea,  which  arifes  perhaps  from  putrefac¬ 
tion,  becaufe  he  thought  that  the  water,  the  fatter  it  feemed, 
and  the  more  covered  with  fcum,  always  emitted  the  more 
light.  In  confirmation  of  this  opinion  he  hates,  that  having 
caught  a  bonetta,  its  mouth  appeared  fo  luminous  in  the  in- 
iide  that  he  could  fee  to  read  a  book  by  it.  On  examina¬ 
tion,  the  mouth  of  the  flfli  was  found  to  be  full  of  a  vifcous 
matter,  which  being  rubbed  over  a  piece  of  wood,  the  latter 
became  alfo  luminous  in  the  dark,  but  the  light  it  emitted 
ceafed  as  foon  as  the  matter  became  dry. 

The  experiments  of  Canton,  mentioned  in  the  Philofo- 
phical  TranfaHions  feem  to  coincide  perfectly  with  the 
above  defcription  of  father  Bourzes.  I  {hall  therefore  give 
a  fhort  account  of  them,  as  they  are  the  moft  accurate  w« 
have  on  the  fubjedt.  On  the  evening  of  the  14th  of  June 
1768,  Mr.  Canton  put  fome  frefli  whitings  into  fea-water, 
and  found  that  they  emitted  light  for  twenty- four  hours.  In 
the  cellar  where  he  depofited  the  •veiTel  which  contained 


*  Vol.  LIX.  p.  446. 
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them,  Fahrenheit’s  thermometer  flood  at  540.  The  water 
itfelf,  when  at  reft,  was  quite  dark;  but,  when  a  flick  was 
drawn  through  it,  the  whole  part  through  which  the  flick, 
had  palled  became  luminous,  and  no  light  appeared  any 
where  elfe.  When  he  agitated  the  whole  water,  it  became 
luminous  throughout.  When  the  fifh  had  lain  in  the  water 
forty-eight  hours,  it  was  then  brighteft  :  at  the  end  of  three 
days,  though  ever  fo  much  agitated,  it  emitted  no  more 
light. 

The  fea  water,  however,  exhibited  a  much  more  luminous 
appearance  when  a  herring  was  placed  in  it.  The  third 
night  it  was  fo  ftrong,  that,  when  ftirred,  a  perfon  could  tell 
bv  it  the  Hour  on  a  watch ;  and  at  thofe  moments  the  fifh 
feemed  to  be  an  opake  body.  After  this  period  the  light 
decreafed  more  and  more,  but  it  fiiil  continued,  in  fome 
degree,  till  the  feventh  night. 

Another  veftel  containing  frefh  water,  into  which  a  frefli 
herring  was  put  in  the  like  manner,  continued  entirely  dark, 
without  emitting  the  leaft  trace  of  light.  The  thermometer 
during  the  time  flood  always  above  6o°. 

Fiver  water,  in  which  fait  was  diffolved  till  it  appeared  by 
a  hydrometer  that  it  had  acquired  the  gravity  of  fea  water, 
exhibited  the  fame  phenomena  as  water  brought  from  the 
fea :  in  water  to  which  more  fait  was  added,  the  fifti  emitted 
no  light. 

It  appears  from  thefe  experiments  and  thofe  of  Sir  John 
Pringle  *  that  the  fait  in  fea  water  promotes  putrefaction  ; 
and  that  therefore  the  luminous  appearance  of  fea  water  arifes 
from  a  difpofition  to  putrefaction,  or  a  commencement  of  it. 

Experiments  on  the  fhining  of  fifh  in  fait  water  have  been 
made  alfo  by  other  philofophers  befides  Canton  :  among  thefe 
we  may  mention  thofe  of  Boyle  and  Dr.  Beal  in  the  Philo- 
fophical  TranfaCtions  f,  and  thofe  of  Martin  in  the  Tranfac- 
tions  of  the  Swedifh  Academy  J,  all  of  which  feem  to  con¬ 
firm,  in  a  greater  or  lefs  degree,  that  the  luminous  appear- 

'*  Experiments  on  Septic  and  Antifeptic  Subfl^nces. 

f  Philofophical  Tranfaflions,  No.  31,  p.  581  ;  and  No.  13,  p,  226. 

j  Swedifh  Tranfa&ions,  Vol.  XIII.  p.  225. 
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ance  of  fea  water  is  owing  to  a  commencement  of  putrefac¬ 
tion 

Another  circumftance  which  has  been  proved  by  thefe 
obfervations  is,  that  heat  deprives  putrid  bodies  of  their  lu¬ 
minous  property.  This  circumftance  did  not  efcape  Canton; 
for  he  remarked  that,  though  a  ftrong  fummer  heat  pro¬ 
moted  putrefadlion,  a  heat  twenty  degrees  higher  than  that 
of  the  blood  feemed  to  prevent  it.  This  he  difcovered  by 
the  following  experiment : — He  put  a  fmall  piece  of  a  fifh 
which  had  become  luminous,  into  a  globe  of  thin  glafs, 
immerfed  it  in  water  heatyd  to.  1 18°  of  Fahrenheit,  and  ob- 
icrved  that  it  was  deprived  of  its  luminous  property  in  lefs 
than  a  minute:* * * § on  being  taken  from  the  water,  however,  it 
recovered  its  luminous  property  in  ten  feconds,  but  the  light 
it  emitted  was  not  fo  ftrong  as  before. 

Spallanzani  does  not  agree  in  opinion  with  Canton,  that 
the  luminous  appearance  of  fifh  arifes  from  putrefa&ion  f . 
He  repeated  Canton’s  experiments  with  a  variety  of  fifh, 
but  he  focceeded  only  with  a  very  few  of  them.  Thole 
which  did  not  emit  light  he  found  in  general  to  be  the  fat- 
teft,  though,  according  to  Canton,  thefe  ought,  above  all 
others,  to  communicate  a  luminous  appearance  to  fea  water. 
Another  circumftance,  which  feems  contrary  to  Canton’s 
hypothecs,  is,  that  if  the  nodfurnal  luminous  appearance  of 
the  fea  were  occafioned  by  the  oleaginous  remains  of  putrid 
ftfb,  as  thefe  remains  always  float  at  the  furface  the  light 
ought  to  be  confined  to  the  fir  face  of  the  water;  which  ex¬ 
perience  (hows  not  to  be  the  cafe. 

Vianelli,  a  phyfician  of  Chioggi'a  in  the  neighbourhood 
of  Venice  Grizzelini,  a  Venetian  phyfician,  the  abbc 
Nollet  §,  and  Dr.  Prieftley,  alcribe  the  luminous  appearance 

*  That  ftveraj  kinds  of  fiih,  fuck,  for  example,  as  the  Jcplay  ihine  in 
the  dark,  is  well  known. 

f  Memorie  di  Matematica  e  Fifica  della  Soc.  I'taBana,  Vol.  1 1 .  p.  605. 

*  Nuove  Scopcrte  intorno  Ie  Luci  notturne  dell’  Aqua  Marina. — 

Vhie.% . 

§  Non  veil  es  C/bfervat.  fur  la  Scolopendre  Marine,  and  the  abbe  Nollet, 
in  the  Memoiies  de  i’Acad.  des  Sciences  1750,  p.  88, 
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r»f  the  Tea  to  phofphoric  infects  The  abbe  Nollet,  in  par¬ 
ticular,  while  at  Venice  in  the  year  1749?  paid  great  atten¬ 
tion  to  this  phenomenon,  and  was  confirmed  in  his  opinion, 
by  the  following  obfervation : — Having  remarked  that  the 
fea  water  in  the  harbour  of  Portofmo  emitted  a  ftrong  light, 
he  lay  down  on  the  edge  of  the  water ;  and,  ftretching  his 
head  over  it,  he  faw  thefe  infedts  fpring  up,  as  infects  in  ge¬ 
neral  do,  from  the  bottom  of  the  water,  which  was  covered 
with  lea-weeds.  When  he  attempted  to  catch  them  in  his 
handkerchief,  he  found  on  it  only  luminous  fpots,  wrhich  he 
could  fpread  over  it  with  his  finger. 

We  Hoi,  during /a  voyage  up  the  Mediterranean,  obferved 
that  the  head  of  the  fhip,  as  it  palled  through  the  wraves, 
threw  up  in  the  daytime  a  multitude  of  fmall  particles,  which 
at  night  had  a  fiery  appearance  f.  He  is  not,  however,  in¬ 
clined  to  alcribe  this  phenomenon  to  infers,  becaufe,  having 
collected  fome  of  thefe  luminous  particles  in  his  handker¬ 
chief,  he  found  them  to  be  round  bodies,,  like  pin-heads, 
without  any  appearance  of  animal  organs,  though  he  exa¬ 
mined  them  with  a  microfcope.  But  he  does  not  deny  that 
there  are  luminous  inledts  in  the  fea,  though  he  is  of  opinion 
that  its  luminous  appearance  arifes  from  fome  other  caufe, 
which  he  does  not  further  explain. 

Fougeroux  de  Bondaroy  J  and  father  Torrubia  §  afcribe 
the  caufe  of  the  luminous  appearance  of  the  fea  to  a  multi¬ 
tude  of  fmall  nereids,  the  hinder  parts  of  which  the  former 
found  to  be  endowed  with  the  property  of  emitting  light. 
This  is  the  cafe  in  particular  with  the  nereis  nodilucaUinn,  j| 

v  A 

*  Some  of  the  fcolopendrs,  as  the  fcolop.  dedrica  and  the  feel,  phof- 
fborea  L.  really  ihiae  in  the  night-time.  According  to  Hablitzl  (fee 
Gotb.  Mag.  VoU  II.  Part  4,  No  159),  a  cable  drawn  up  from  the  fea 
emitted  a  very  lively  light,  which  arofe  from  its  being  covered  with  the 
fea  flea  {cancer  puLex)  ;  a  proof  that  thofe  animals  fliine  in  the  dark. 

t  Obfervat.  fur  une  Lumiere  produite  dans  la  Mer,  in  the  Memoires 
prefentees,  VqI.  lit.  p.  144.  , 

+  Sur  la  Lumiere  que  donne  l’Eau  de  h  Mer  principalement  dans  lesLa- 
gttnes  de  Venife,  in  the  Mem.  de  1'Acad.  des  Sciences.  Paris  1767,  p.  120. 

§  Vorbereitung  zur  Naturgefchichte  von  Spanien.  Halle  1773.  4m. 

(1  See  Linn.  Syft.  Nat.  Vol.  J.  edition  13.  p.  10S5;  alfo  his  Atnce- 
httat.  Acad.  Voi.  III.  p.  203.  tab.  3. 
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The  celebrated  Forfkal,  who  accompanied  Niebuhr  as  na-» 
turalift  in  his  travels  through  Arabia,  having  caught  a  great 
number  of  marine  animals,  among  which  there  were  dif¬ 
ferent  kinds  of  medufa. ?,  put  fome  of  them  into  a  bucket  full 
of  water  After  keeping  them  fome  time,  he  threw  the  con¬ 
tents  of  the  bucket  from  a  window,  in  the  dark,  and  obferved 
that  all  thofe  places  where  the  water  fell  feemed  to  be  co¬ 
vered  with  fparks  of  fire.  He  made  feveral  experiments  on 
this  fubjeCt,  all  of  which  convinced  him  that  the  luminous 
appearance  of  the  fea  arifes  from  infeCts.  Bartholinus  alfo, 
and  Donati,  afcribe  the  luminous  appearance  of  the  lea  to 
marine  worms  {molufcez) . 

Silberfchlag  afcribes  the  luminous  appearance  of  fea  water 
to  phofphorus,  the  component  parts  of  which  may  exift  in 
the  fea  as  well  as  in  the  atmofphere.  It  is  not  improbable 
that  feveral  kinds  of  worms,  which,  according  to  various 
obfervations,  have  been  confidered  as  luminous,  may  be  in¬ 
debted  for  that  property  to  marine  phofphorus  adhering  to 
them.  It  has  been  found,  by  repeated  obfervations,  that  the 
water  of  the  fea,  even  at  the  depth  of  forty  feet,  is  phofpho- 
refcent ;  and  the  abbe  Spallanzani  is  therefore  inclined  to 
believe  that  this  is  the  cafe  alfo  at  every  depth.  Refpe&ing 
the  luminous  appearance  of  the  fea  water,  however,  he  gives 
no  decifive  opinion,  and  confiders  every  thing  hitherto  faid 
on  the  fubjeCt  as  mere  conjectures. 

Mr.  Erich  Scbytte  remarks,  that  when  fea  water  is  con¬ 
verted  into  ice  it  retains  its  luminous  property;  and  that, 
when  fea  water  is  diddled,  the  luminous  matter  does  not 
pafs  over,  but  remains  behind  in  the  ftill. 

Profeflor  J.  Mayer,  in  a  paper  publifhed  in  the  Trans¬ 
actions-  of  the  Royal  Bohemian  Society  on  the  luminous 
appearance  of  the  Adriatic,  fays,  that  the  water  at  the  furface 
feems  to  imbibe  the  rays  of  light  in  the  fame  manner  as  a 
light  magnet.  This  luminous  appearance  is  obferved  more 
at  the  furface  than  at  any  depth  in  the  water,  and  difappears 
when,  by  violent  agitation  of  the  waves,  the  water  at  the  fur¬ 
face  becomes  mixed  with  that  below.  This  author,  however, 
is  of  opinion,  that  there  are  in  the  water  foreign  particles 
which  emit  a  Itronger  light,  and  which  maybe  feparated 
o  from 
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from  it,  but  there  are  no  proofs  that  eledtriciiy  has  any  (hare 
in  the  phenomenon. 

M.  Bajon,  on  the  other  hand,  confiders  the  luminous  ap¬ 
pearance  of  the  feaas  eleCtric,  and,  in  fupport  of  this  opinion, 
remarks  that  it  is  never  obferved  but  when  friClion  is  pro¬ 
duced  by  fome  body  palling  over  or  through  the  water.  For 
this  reafon  the  light  is  always  feen  very  ftrong  around  fhips, 
and  where  great  numbers  of  fifh  are  collected  together.  The 
aCtion  of  the  atmofphere  may  alfo  excite  this  light  at  the 
furface  of  the  lea.  It  is  promoted  by  a  north  wind,  and  is 
interrupted  by  a  fouth  wind,  as  well  as  by  damp  weather, 
&c.  This  opinion,  in  the  mod  efiential  parts,  'agrees  per¬ 
fectly  with  that  of  M.  De  la  Perrier,  and  of  L  R,  Forfter. 

*  M.  Le  Gentil  alfo  concludes,  from  obfervations  made  in 
the  Indian  feas,  that  this  phenomenon  is  produced  by  the 
electricity  of  the  fea  water;  for  he  obferved  it  only  under 
certain  cafes ;  as  for  example,  when  the  heavens  were  filled 
with  clouds,  and  the  fea  high,  and  much  agitated.  He  ob¬ 
ferved  it,  however,  during  calms  ;  but  this  was  never  the 
cafe  except  when  a  ftorm  was  to  be  apprehended.  As  long 
as  the  ftorm  continued,  the  fea  had  a  luminous  appearance; 
but  as  foon  as  it  was  over,  the  light  ceafed.  When  the 
weather  was  in  the  ufual  ftate,  that  is  to  fay,  when  the 
winds  were  regular,  even  though  they  were  ftrong  and  the 
fea  rough,  he  obferved  nothing  of  the  phenomenon.  He 
failed  upwards  of  fix  hundred  leagues  with  a  ftrong  weft 
wind  and  very  high  fea,  but  did  not  obferve  the  lea  ft  fpark 
of  light.  They  appeared  molt  abundant  in  winter,  which  is 
the  period  when  the  winds  change,  and  when  ftorms  and 
hurricanes  take  place.  M.  Le  Gentil  aflerts  that  at  this 
period,  of  the  year  he  never  wiflied  to  obferve  the  fea  lumi¬ 
nous,  becaufe  he  confidered  it  as  a  fign  of  bad  weather,  and 
could  always,  with  certainty,  foretel  by  it  when  a  change 
was  to  take  place.  This  phsenomenon  is  more  common  in 
the  Indian  feas  than  in  thofe  parts  on  this  fide  of  the  Cape, 
between  America,  Europe,  and  Africa.  M.  Le  Gentil 
aferibes  the  eleCtricity  of  the  fea  to  the  daftiing  of  the  waves 
againft  each  other,  which  muft  naturally  produce  friCtion. 

I  hope  I  {hall  be  forgiven  if  I  here  add  the  following  va- 
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{liable  obfervations  on  this  iubject  by  profefifor  Forfler,  of 
Halle.  This  celebrated  navigator  and  naturalift  obferved  this 
phenomenon  on  the  night  of  the  29th  of  October  1772?* 
during  a  frefh  gale,  a  few  miles  from  the  Cape  of  Good 
Hope.  He  faw  alfo  a  great  quantity  of  fmall  luminous  bodies 
floating  on  the  fea,  fome  of  them  near  and  others  at  a  con- 
fiderable  diftance  from  the  fhip.  He  caufed  fome  of  the  fea 
water  to  be  hauled  up  in  a  bucket,  in  which  he  found  an 
immenfe  number  of  fmall  globules  which  moved  with  great 
rapidity.  When  the  water  was  fuffered  to  (land  fome  time 
at  reft,  thefe  luminous  globules  became  lefs  numerous;  but,., 
when  agitated,  they  refumed  their  luminous  property.  Mr. 
Forfler  found,  when  he  examined  fome  of  thefe  globules, 
that  they  had  life  and  organifation,  but  they  died  before  h& 
•Could  wafli  them  from  his  fingers. 

Profeflbr  Forfler  diftinsniifhes  three  kinds  of  light  in  tlm 
fea,  which  feems  to  agree  pretty  well  with  the  beforemen- 
tioned  obfervations.  The  firft  kind,  he  fays,  mu  ft  be  afcribed 
to  electricity, '  becaufe  the  quick  motion  of  {flips  through 
the  water,  efpecially  when  the  wind  is  ftrong,  occafions  a 
violent  friction  ;  and  becaufe  the  agitation  of  the  waves  pro¬ 
duced  by  the  wind  heats  the  waves  more  than  the  atmo- 
fphere  above  them.  The  refin,  pitch,  and  tar,  with  which 
the  outfide  of  fliips  is  covered,  and  the  conducting  property 
of  water,  render  the  probability  of  this  phtenomenon  being 
connected  with  electricity  flill  ftron&'er. 

The  fecond  kind  of  light  appears,  in  a  proper  fenfe,  tp  be 
phofphoric.  A  great  many  animal  bodies,  by  putrefying  in 
the  fea,  become  decompofed,  and  confequently  their  com¬ 
ponent  parts,  and  particularly  the  phofphoric  acid,  are  dif- 
engaged,.  An  addition  of  inflammable  matter  forms  with 
this  acid  that  mixture  which  is  commonly  known  by  the 
name  of  phofphorus  *.  Thus,  fill)  which  are  dried  in  the  aiF 
become  fometimes  phofphoric  ;  and  this  is  the  cafe  with  the 
ocean  itfelf,  when,  after  a  long  calm,  it  has  been  filled  with 

*  Profeffcr  Fortier's  reafotrng,  here  quoted,  is  agreeable  to  the  eld 
theory.  We  have  no  right  tc  alter  his  words  5  and  it  will  he  feen  by  our 
chemical  readers  that  the  fa£ts  might  as  cafiiy  be  accommodated  to  the 
modern  theory. 
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putridity  and  corruption;  as  heat  and  tranquillity  contribute 
to  promote  the  fpeedier  folution  of  animal  fubffances.  Fifh, 
as  well  as  gelatinous  animals,  contain  oily  and  inflammable 
particles,  with  which  the  liberated  phofphoric  acid  may  rea¬ 
dily  unite  and  form,  a  phofphorus  on  the  furface  of  tfle  fea, 
and  give  rife  to  this  wonderful  phaenomenon. 

The  third  kind  of  light  arifes,  no  doubt,  from  living  ani¬ 
mals  which  float  in  the  fea,  and  mutt  be  produced  by  their 
peculiar  organifation,  or  rather  their  component  parts,  which 
deferve  to  be  better  examined  by  chemical  experiments. 

Thefe  conjedfures  of  Dr.  Forfler  contain,  in  my  opinion, 
the  moft  fatisfadforv  explanation  of  this  phaenomenon.  All 
.the  eff'edls  of  it  hitherto  obferved  may  be  referred  to  fome  of 
the  above-mentioned  eaufes;  and  the  general  conclufion  that 
may  be  deduced  from  them  is,  that  as  thefe  efl'edfs  have  been 
feen  under  different  circumflances,  they  muff:  be  explained 
by  different  eaufes. 
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JlN  our  fourth  Volume,  p.  414,  we  laid  before  our  readers 
an  interefting  letter  on  this  fubjedf  from  Mr.  Peter  Cole  to 
Dr.  Mitchill  of  New  York,  to  which  we  refer.  Such  rela¬ 
tions  are  often  queflioned ;  but  . in  natural  hiftory,  as  in  other 
branches  of  fcience,  the  evidence  of  pofitive  fadls  is  never  to 
be  controverted  by  mere  inferences  from  other  fuppofed  or 
real  phenomena.  Mr.  Cole  is  a  gentleman  whofe  veracity 
will  not  be  queflioned  by  thofe  who  know  him,  and  we  have 
therefore  no  right  to  doubt  the  truth  of  former  relations  of 
a  fimilar  nature  merely  becaufe  we  know  not  now  the  cha¬ 
racter  of  the  relatyrs.  The  late  Hon.  Daines  Barrington  took 
the  trouble  to  colledf  a  number  of  teftimonies  of  fimilar  fub- 
merfions  obferved  in  England,  which  were  publiffied  in  the 
Philofophical  Tranfadfions,  and  we  fubjoin  another  teftimony 
of  fuch  phenomena  being  obferved  in  the  New  W orld. 

“  New  York,  1  Sth  July  1800. 

<c  On  the  afternoon  of  the  24th  of  Auguft  1793,  I  was 
fitting  in  my  parlour,  which  looks  towards  the  North 
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River^,  about  fifty  feet  from  the  bank,  in  company  with  our 
mutual  friend  Mr.  Jacob  Sebor.  Our  attention  was  attra&ed 
by  numerous  flights  of  birds,  which  appeared  to  come  acrofs 
the  town  from  the  eaftward,  and  defeend  immediately  into 
the  river.  So  lingular  an  appearance  excited  our  particular 
obfervation.  We  went  out  and  Hood  clofe  to  the  bank,  and 
then  perceived  that  what  we  at  firft  imagined  to  be  black 
birds  were  actually  fwallows  ;  and  that,,  as  foon  as  the  va¬ 
rious  flocks  had  cleared  the  houfes,  and  got  directly  over  the 
river,  they  plunged  into  the  water  and  difappeared.  This 
was  not  confined  to  the  vicinity  of  the  place  where  we  Hood, 
but  was  the  cafe  as  far  as  the  eye  could  reach,  up  and  down 
the  river,  and  continued  without  ceflation  for  nearly  two 
hours,  When  the  doling  of  the  evening  prevented  our  further 
obfervation. 

66  Aware  of  the  importance  of  affording  any  additional 
information  on  this  long  difputed  queftion  in  the  natural  hif- 
tory  of  the  fwallow,  I  procured  a  telefeope,  and  watched  at¬ 
tentively  many  of  the  flocks  from  their  firft  appearance  until 
their  immerfion,  continuing  my  eye  fixed  upon  the  fpot  long 
enough  to  be  fully  convinced  that  not  one  of  the  birds  re- 
turned  to  the  furface  again.  Indeed,  one  flock  of  about  two 
hundred  birds  plunged  into  the  water  within  thirty  yards  of 
us,  and  inftantly  difappeared,  without  the  leaft  appearance 
of  oppofition  that  might  be  expected  to  arife  from  their  na¬ 
tural  buoyancy;  and  at  the  fame  time  the  evening  was  fo 
ferene,  and  the  river  fo  unruffled,  that  no  deception  of  our 
fight  could  poflibly  have  occurred. 

u  When  the  birds  firft  came  in  view,  after  crofting  the 
town,  their  flight  was  eafy  and  natural ;  but  when  they  de¬ 
feend  ed  near  to  the  water  they  appeared  much  agitated  and 
diftrefied,  flying  in  a  confufed  manner  againft  each  other,  as 

*  The  houfe  of  Mr.  Pollock  is  fituated  near  the  margin  of  the  Hudfon, 
about  two  hundred  yards  from  the  battery*  The  river  is  about  a  mile  and 
a  half  wide,  and  from  feven  to  nine  fathoms  deep,  and  runs  with  a  ftrong 
and  rapid  tide.  Mr.  Pollock  does  not  recollcft  the  fpecies  of  fwallow 
which  theji  difappeared.  The  barn  fwallow  ( hirundo  m/Uca),  chimney 
fwallow  ( hirundo  pelafgin )',  the  fand  or  bank  martin  ( hirundo  r'lparia ) , 
and  the  purple  martin  (, hirundo  purpurea ),  all  frequent  and  build  their  habi¬ 
tations  in  this  city  and  its  neighbourhood. 
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if  the  love  of  life,,  common  to  all  animals,  impelled  them  to 
revolt  againft  this  law  of  nature  impofed  upon  their  fpecies. 
£  As  fome  time  has  elapfed  fince  the  above-mentioned  fadts 
occurred,  I  thought  it  proper,  before  I  gave  you  Mr.  Sebor’s 
name,  as  having  been  a  witnefs  to  them,  to  confult  his  re¬ 
collection  on  the  fubjedt,  and  I  have  pleafure  in  affuring  you 
he  difhndtly  remembers  every  circumftance  I  have  recited, 
and  of  which  I  made  a  memorandum  at  the  time/  It  may 
be  worthy  of  remark,  that,  as  far  as  my  obfervation  went, 
the  fwallows  totally  difappeared  on  the  24th  of  Augufl  1798; 
for,  during  the  remainder  of  that  year,  I  did  not  fee  one, 

“  H.  POLLOCK.” 
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III.  Account  of  a  fatal  Accident  which  happened  to  a  Tra¬ 
veller  on  the  Glacier  of  Buet ;  with  fome  Cautions  to  thofe 
who  through  Curiofty  may  vifit  the  Mountains  of  Swiff er- 
land ,  and  particularly  the  Glaciers .  By  M.  A.  Pictet, 
Profeffor  of  Philofofhy .  \ 

[Concluded  from  Page  61.] 

C.  D’EYMAR,  in  confequence  of  a  report  from  two  offi* 
cers  of  health,  refpedting  the  inconveniences  which  might 
arife  if  Efchen’s  funeral  fhould  be  deferred,  gave  the  necef- 
fary  orders  in  our  prefence  for  interring  the  body  in  a  proper 
and  decent  manner.  For  this  purpofe  we  made  choice  of  a 
fpot  which  would  neceffarily  be  feen  by  every  traveller  going 
to  Chamouni,  and  even  by  thofe  who  might  afcend  the  gla¬ 
cier  of  Buet  by  the  route  of  Servoz  and  Villy,  in  confequence 
of  the  intention  expreffed  by  the  praefedf  that  a  monument 
eredfed  over  the  grave  of  this  unfortunate  young  man,  with 
a  fuitable  infcription,  while  it  preferved  a  remembrance  of 
the  event,  might  forewarn  travellers  of  the  dangers  to  which 
thev  would  be  expofed  in  traversing  the  glaciers  without  taking 
proper  precautions,  and  without  paying  to  the  information 
of  their  guides  that  attention  to  which  it  ought  to  be  enti¬ 
tled.  While  preparations  were  making  for  the  interment, 
we  interrogated  C.  Deville  and  his  companions  with  much  w 
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intered,  refpecting  their  expedition  to  the  glaciers,  and  the 
following  account  is  drawn  up  from  minutes  written  down 
at  the  time : 

C£  In  confequence  of  the  order  of  C.  d’Eymar,  praefedt  of 
Leman,  C.  Jofeph  Maria  Deville,  after  caufing  a  harpoon  to 
be  forged,  and  providing  ropes,  fet  out,  accompanied  by  his 
two  fons  John  Claude  and  Bernard,  and  Jofeph  Ettle,  inn¬ 
keeper  at  Servoz,  in  order  to  proceed  to  the  glacier  of  Buet 
in  fearch  of  the  dranger  fwallowed  up  by  a  fiffure  in  the 
fnow.  They  left  Servoz  at  feven  in  the  evening,  and  tra¬ 
velled  the  whole  night. 

££  Having  arrived  on  the  glacier  at  day-break,  they  imme¬ 
diately  repaired  to  a  hut  built  of  date  in  the  neighbourhood, 
called  Caftle  Pidtet,  near  which,  as  they  were  informed,  the 
accident  had  taken  place.  They  obferved  fome  figns  of  a 
fiffure  covered  by  the  fnow,  but  there  was  no  aperture.  They 
however  continued  their  fearch,  and  about  two  in  the  ^fter- 
''noon  Deville  found  in  the  fnow  a  hole  almod  fquare,  about 
two  feet  in  extent  each  way,  but  of  which  they  could  not 
didinguifh  the  bottom*  In  the  neighbourhood  there  ap¬ 
peared  fome  figns  of  the  exidence  of  a  fiffure  beneath  the 
fnow. 

4£  By  means  of  a  done  tied  to  the  end  of  a  rope  in  the  form 
of  a  founding-line,  they  were  able  to  difcover  in  this  hole, 
at  the  depth  of  more  than  a  hundred  feet,  the  prefence  of  a 
body  of  a  nature  different  from  fnow  or  ice.  They  then  let 
down  the  harpoon,  which  feemed  to  have  laid  hold  of  fome- 
thing,  but  which  brought  up  only  a  fingle  hair.  Bernard  the 
f<?n  then  propofed.  to  defcend  attached  to  a  rope,  which  he 
accordingly  did  ;  and  when  he  arrived  at  a  depth  where  there 
were  only  eight  inches  didance  between  the  tides  of  the  fi lb 
fure,  he  was  able  to  touch,  with  a  datf  five  feet  in  length, 
the  head  of  the  dead  body  below  him.  He  then  caufed  him- 
felf  to  be  hoided  up,  becaufe  he  found  his  pofition  exceed¬ 
ingly  confined,  without  having  power  to  move  any  of  his 
limbs. 

£C  The  harpoon  was  again  employed,  but  it  brought  up 
nothing  except  fragments  of  the  clothes  and  a  hat.  Night 
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catne  on,  the  weather  was  cold,  and  the  travellers  were  wet* 
They  were  obliged,  therefore,  to  return  to  the  Chalets  de 
Viliy,  where  they  arrived  about  ten  at  night. 

“  Having  confulted  together,  they  refolved  to  return  to  the 
glacier,  after  fupplying  themfelves  with  fome  pieces  of  wood 
and  fome  more  ropes.  They  fet  out  from  Viliy  at  break  of 
day,  and  on  reaching  the  mouth  of  the  fiffure  they  con- 
ftru&ed  a  kind  of  apparatus,  by  means  of  which  Deville  the 
father  was  let  down;  but  he  was  flopped  by  the  narrownefs  of 
the  fiffure,  the  fame  obflacle  which  had  flopped  his  fon.  He 
had  carried  down  with  him  a  fhort-handled  hatchet,  by. 
means  of  which  he  endeavoured  to  enlarge  the  paffage  to¬ 
wards  the  place  where  the  body  lay,  in  order  that  it  might 
.not  be  covered  by  the  fragments  of  the  ice.  He  defcended 
gradually  towards  it,  and  endeavoured,  but  in  vain,  to  move 
it,  as  it  was  fo  flrongly  wedged  in  between  the  fides  of  the 
pit.  He  then  endeavoured  to  cut  the  ice  around  it,  and  at 
laft  difengaged  the  upper  part  of  the  body  in  fuch  a  manner 
as  to  be  able  to  fallen  a  rope  round  it  below  the  arms.  The 
body  was  in  an  eredt  pofition,  the  arms  raifed  up  to  the 
head,  and  the  face  turned  towards  the  left  fhoulder.  It  was 
quite  frozen,  o 

“  Deville  then  called  out  to  the  affiflants  to  pull  the  rope, 
in  order  to  try  whether  it  was  poffible  to  raife  the  body,  but 
the  attempt  was  fruitlefs.  He  then  continued  to  clear  away 
the  ice  around,  which  he  at  length  accomplifhed,  after  three 
hours  labour  with  his  hatchet.  When  this  was  completed, 
he  firfl  caufed  bimfelf  to  be  drawn  up,  and  then  the  body; 
by  this  time  it  was  five  in  the  evening. 

cc  Search  was  then  made  in  the  pockets  of  the  deceafed,  in 
order  to  find  out  and  colled!  all  his  property,  and  an  in¬ 
ventory  of  them  was  fubjoined  to  the  prefent  minutes.  A 
fledge  was  made  with  fome  pieces  of  wood,  and  in  this 
manner  the  body  was  conveyed  beyond  the  glacier.  The 
brothers  Deville  then  carried  it  on  their  fhoulders,  in  turns, 
as  far  as  the  Chalets  de  Viliy,  where  they  arrived  at  ten  in 
the  evening.  It  was  then  placed  on  a  mule,  and,  after  reft- 
ing  an  hour,  they  again  fet  out,  and  arrived  at  Servoz  be¬ 
tween  five  and  fix  in  the  morning,  Bernard,  Deville’s 
4  youngeft 
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youngeft  foil,  being  worn  out  with  fatigue,  was  obliged  to 
remain  behind  at  the  Chalets  de  Villy.” 

j 

Deville  himfelf  was  entirely  exhaufted ;  and,  indeed,  thofe 
who  reflect  on  the  labour  he  had  to  endure  for  feveral  hours 
in  the  confined  place  in  which  he  was  fufpended,  and  the 
length  of  the  way  he  had  walked,  will  be  aftonifhed  that  he 
could  hold  out  fo  long.  He  refufed  to  take  any  repofe  until 
he  had  affifted,  along  with  us  and  a  very  numerous  com¬ 
pany,  at  the  funeral  obfequies  of  the  unfortunate  traveller. 
He  was  fpecially  charged  by  the  praefedt  to  caufe  a  temporary 
pyramid  to  be  railed  in  order  to  mark  the  fpot. 

The  compreffion  which  the  unfortunate  young  man  had 
experienced  by  an  accelerated  fall,  of  more  than  a  hundred 
feet,  in  a  fiffure  the  fides  of  which  approached  each  other  in 
the  form  of  a  wedge,  had  been  fo  violent  that  his  watch  was 
beaten  flat.  We  found  in  his  pockets  78  livres  in  money, 
and  the  third  volume  of  Sauifure’s  Journey  througdrthe  Alps, 
Such  of  his  effedfis  as  were  of  any  value  were  given  to  Deville, 
according  to  thp  agreement  made  by  M.  Zimpflen,  and  the 
praefedt  engaged  to  tranfmit  the  reft  to  his  relations.  We 
thought  proper  to  add  to  them  a  lock  of  the  hair  of  this  in- 
terefting  youth. 

In  his  pocket-book  was  found  a  letter  which  he  had  begun, 
written  in  German,  and  diredled  to  his  father.  We  cannot 
reftft  the  temptation  of  publifhing  feme  fragments  of  it ;  they 
difplay  a  juft  fpirit  of  obfervation,  and  great  fenftbility  of 
mind  :  I  hope  his  unfortunate  parents  will  forgive  us  !  It  is 
the  part  which  we  take  in  their  grief  that  renders  us  perhaps 
indiferete  in  publifhing  the  letter  of  the  fon  ;  but  we  with  1 6 
make  our  readers  participate  in  their  regret,  and  to  announce, 
wherever  this  work  may  circulate, ^what  kind  of  fon  thefe 
parents  have  loft,  what  hopes  have  been  fnatched  from  them 
for  ever  *. 

We 

*  The  following  is  a  literal  translation  of  this  letter,  dated  Vevey, 
Auguft  2,  1S00: — “  You  fee,  my  dear  father,  by  the  date  of  my  letter, 
that  I- have  undertaken  a  journey:  you  fee  alfo  that  this  journey  is  one 
of  the  moft  interefting  that  catM>e  wilhed. 

**  I  let  out  on  Tuefday  from  Rumlingen  and  on  Wednefday  from 
Berne,  and  1  lhall  not  return  to  my  ptefent  habitation  before  a  fortnight 
,  '  •  .  '  or 
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We  left  Servoz  a  few  minutes  after  the  clifmal  ceremony, 
arid  arrived  about  midnight  at  Geneva,  having  our  minds 
and  hearts  filled  with  the  events  of  our  journey* 

One  of  the  dangers  to  which  travellers  are  expofed  in  thefe 
mountains  mull  be  already  known  to  my  readers ;  but  this 
is  not  the  only  one,  and  a  fimple  enumeration  of  the  acci¬ 
dents  which  have  taken  place  in  the  courfe  of  a  few  years 
back,  will  exhibit  others  which  may  fometimes  occur. 

One  of  our  countrymen,  young  and  active,  having  ven¬ 
tured  without  a  guide,  and  without  proper  {hoes,  to  traverfe 
the  fteep  and  rocky  declivities  which  form  the  bafe  of  the 
needle  of  Charmoz  towards  the  glacier  called  Des  Eois ,  was 
precipitated  into  one  of  thefe  ravines,  and  perifhed. 

A  young  inhabitant  of  Zurich  having  afcended  to  the 

or  three  weeks,  when  1  lhall  embrace  my  dear  and  beloved  pupils,  my 
Rudy  and  my  Sophia.  It  is  needlefs  to  tell  you  that  I  travel  on  foot, 
and  you  may  alfo  gucfs  that  I  travel  in  company  with  a  friend  ;  for  the' 
heart  and  mind  never  enjoy  the  mod  beautiful  afpedts  of  nature  but  whefj 
confcious  that  a  living  being  fympathifes  with  us.  Every  thing  beautiful 
and  lublirne,  in  order  that  it  may  make  a  deep  impreflion  on  the  foul  0# 
man,  ought  to  be  united  with  the  enjoyment  of  love  and  friendihip  .  — 

“  Scarcely  have  you  reached  the  canton  of  Fribourg  when  you  lofe  light 
of  that  opulence,  civilifatiop,  culture,  and  thofe  natural  beauties,  which 
diftinguifh  the  canton  of  Berne  ;  and  the  contrail  is  painful.  1  have  found 
here  a  confirmation  of  the  opinion  I  long,  before  entertained  of  the  old 
government  of  Berne.  However  deficient  it  might  be  in  many  refpedls^ 
it  was  inconteftably  fuperior  to  ail  the  other  governments  of  Swiflerland. 

“  In  the  hermitage  (near  Fribourg)  there  is  now  living  an  old  hermit 
with  a  long  white  beard  called  Le  Frere  des  Bois ,  a  name  given  here  to 
hermits.  Though  pretty  far  advanced  in  years,  he  is  Hill  very  frelh.  He 
ferved  a  long  time  as  an  officer  in  a  Svvifs  regiment  in  the  pay  of  Au- 
llria.  We  were  very  much  furprifed,  when  we  afcended  towards  h'm, 
to  fee  him  coming  How  ly  to  meet  us  acrofs  the  large  hall,  not  in  the  clrefs 
of  a  hermit,  but  in  a  hulTar  uniform  ;  his  fhort  Open  red  cloak,  bordered 
with  fur,  and  his  white  breeches,  formed  a  colitraft  with  his’  long  fnowy 
beard.  Fie  received  us  with  great  kindnefs,  fpoke  to  us  in  French  and 
German,  complained  a  great  deal  cf  the  depravity  of  the  prefent  age,  and 
told  us  that  it  was  not  fufficicnt  to  pray,  it  was  neceflfary  to  a£l,  &c.  Fie 
congratulated  himfelf  on  the  tranquillity  of  his  life,  his  habitation  being 
at  a  diftance  from  ail  buflle,  and  his  ears  being  afiaiied  by  no  noifir,  except, 
that  occafioned  by  the  fall  of  a  neighbouring  torrent,  and  the  Tinging  of 
birds.’’ 

yoL.  via 
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fummit  of  an  infulated  rock  which  terminates  the  mountain 
of  Baiine  to  the  north,  and  at  a  little  diftance  from  the  neck 
or  p adage  of  that  name  which  conducts  from  Qhamouni  to 
the  Valais,  becoming  giddy,  made  a  falfe  ftep,  and  was  dallied 
to  pieces  at  the  bottom  of  the  precipice. 

A  Genevefe  family,  who  had  crone  to  vifit  the  ice  cave  of 
Arveron,  and  who  happened  to  be  there  at  a  time  when 
the  arch  fell  down  in  fucceffive  fragments,  in  eonfequenee, 
it  is  faid,  of  a  piftol  being  fired,  having  been  fo  imprudent 
as  not  to  retire  in  proper  time,  while  the  accumulated  ice 
oh  ft  ru died  the  torrent,  one  of  the  -fans  was  crulhed  to  death 
by  the  falling  blocks  of  icc,  and  hurried  away  by  the  waves ; 
another  was  feverely  wounded ;  and  the  father,  after  both 
his  legs  were  broken,  efcaped  from  deftrudtion  only  in  a 
manner  almoft  miraculous. 

Thefe,  however,  are  the  only  unlucky  events  which  have 
taken  place  for  a  long  time  in  a  country  vifited  by  many  of 
the  curious,  who  are  fometimes  imprudent.  It  may  readily 
be  believed  that  none  of  thefe  accidents  would  have  hap¬ 
pened,  had  thofe  who  fell  vidlims  to  them  likened  to  the 
voice  of  common  prudence,  which  would  didfate  nearly  as 
follows  : 

That  there  is  very  little  merit  or  glorv  in  expofing  one’s 
life,  through  oftentation,  in  order  to  difplay  a  courage  in 
which  the  moil  common  rope-dancer  will  always  be  fuperior 
to  the  traveller  who  attempts  to  give  proofs  of  his  good  head 
.or  agility  in  attempts  more  or  lefs  dangerous. 


That  no  one  oua'ht  to  think  of  traverfmv  thefe  mountains 
except  when  conducted  by  a  robuft,  prudent,  and  experienced 
snide.  Nothing;  can  be  more  treacherous  and  deceitful  than 

ViO  w 

thofe  things  which  appear  eafy  when  feen  at  a  diftance; 
thofe  apparent  paffages,  in  which  travellers  are  gradually  in¬ 
volved,  without  reflecting  that,  if  they  are  at  laft  flopped  by 
fear,  or  by  the  impoflibility  of  proceeding  further,  this  fear 
will  double  the  difiicultv  of  retreating,  becaufe  it  deflroys  tjiat 
Coolnefs  which  is  neceflary  for  extricating*  one  from  difasrree- 
able  fliuations.  I  have  more  than  once  experienced  that  it 
is  pofiible  to  recover  this  coolnefs  by  refofving  to  look  only 
forwards,  and  endeavouring,  by  an  effort  of  the.  imagination, 

to 
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to  fuppofe  that  you  arc  walking  merely  on  the  highway,  or 
Ttepping  from  one  hone  to  another,  or  along  the  top  of  a 
flone  fence  in  order  to  avoid  wetting  your  feet. 

In  a  word,  it  is  necefi'ary  to  place  the  molt  implicit  con¬ 
fidence  in  the  cautions  of  your  guide.  Men  of  that  clafs, 
when  they  accompany  a  traveller,  lie  under  the  weight  of 
great  refponflbility.  If  an  accident  fhould  take  place  through 
their  fault,  it  would  ruin  their  reputation ;  and  on  this  re¬ 
putation  their  maintenance  depends.  The  guides,  therefore, 
are  interelled  by  one  of  thofe  motives  which  are  deareft  to 
man,  to  give  good  advice;  and  the  traveller  ought  to  obey  it. 
From  thefe  precautions,  which  may  be  called  moral,  I  fliall 
now  proceed  to  the  phyiical. 


The  molt  eflential  of  all  is  proper  fhoes.  Three  kinds  of 
difficult  declivities  are  found  on  the  Alps — rocks,  declivities 
of  icc,  and  thofe  covered  with  grafs,  which  are  more  flippery 
than  ice  when  the  foie  of  the  fnoe  is  fmooth,  as  it  generally 
becomes  by  walking  over  them.  The  ufe  of  cramp-irons 
either  on  the  heel,  as  SaulTure  recommends,  or  placed  acrofs 
the  foie,  as  they  are  ufed  by  fome  of  the  mountaineers,  will 
Vender  travel  lino;  over  thefe  declivities  fccure  to  a  certain 
degree  :  but  they  muft  often  he  put  on  and  taken  off',  becaufc 
they  render  walking  more  or  lefs  cumberfome ;  which  is  a 
great  inconvenience.  I  have  found  fo  much  utility  in  an 
invention  which  I  fubftitute  for  them',  that  i  do  not  hefitate 
to  recommend  it  tg  thofe  fond  of  yifiting  thefe  romantic 
feenes. 

The  traveller  muff;  provide  ffrong  flioes,  the  foies  of  which 
are  at  Jeaft  fix  lines  in  thicknefs,  and  having  the  upper  lea¬ 
ther  and  quarter  double  to  a  certain  height  around  the  foie. 
The  upper  leather  muft  be  exceedingly  pliable,  in  order  that* 
it  mav  nowhere  hurt  the  foot,  and  the  finoes  Ihould  be  tried 
fcveral  times  in  fhort  exc.urfions  before  a  long  journey  is  un¬ 
dertaken  with  them.  Nails  of  tempered  fteel  muft  be  pro¬ 
vided,  the  tails  of  which  form  a  ferew;  their  heads,  not  lefs 
than  four  lines  and  a  half  in  diameter,  muff;  be  cut  into  the 
form  of  a  fquare  pyramid,  which  will  have  two  points  in 
confequenee  of  the  notch  cut  into  each  for  receiving  the 
fcfcw- driver  to  fix  them  in  the  flioes,  Twelve  of  thefe  nails 

Q  z  -  muft 
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muff  be  put  into  each  foie,  viz.  feven  around  the  fore-part, 
difpofed  at  equal  diftances,  and  five  around  the  heel,  as  near 
the  edge  of  the  foie  as  poffible  without  endangering  the 
barfing  of  the  leather.  The  interval  between  thefe  nails 
ought  to  be  filled  up  with  common  large-headed  nails,  io 
clofe  that  their  heads  may  touch  each  other. 

Shoes  of  this  kind  will  enfure  fafety  to  the  traveller  in  all 
places  of  difficulty  5  the  nails  will  hold  on  granite  as  well  as 
on  the  grafs,  will  occafion  no  inconvenience  in  the  plains, 
and  will  la  ft  for  a  long  time.  When  the  feel  heads  become 
worn  down,  others  may  be  fubfituted  in  their  place.  The 
firff  (hoes  of  this  kind,  which  I  caufed  to  be  made  a  dozen 
years  ago,  and  which  I  have  frequently  employed  during 
that  period,  are  fill  fit  for  fervice. 

A  faff,  five  or  fix  feet  in  length,  {hod  with  irqn,  is  alfo 
ufeful  to  thofe  who  traverfe  the  glaciers,  either  for  founding 
the  deceitful  know  which  covers  the  futures,  or  for  walking 
with  more  fafety  oyer  the  flippery  ice.  Staves  of  this  kind, 
ready  prepared  by  the  guides,  may  be  found  at  Chamouni. 

When  the  traveller  has  to  afeend  for  a  confiderable.  time, 
it  is  a  bad  plan  to  be  defirous  of  hurrying.  By  thefe  means 
the  traveller  becomes  heated,  and  lofes  breath,  and  his  pro- 
grefs  is  more  retarded  than  he  expected.  The  guide  muff 
be  ordered  to  walk  forempff ;  and  it  will  be  neceffary  to  be 
directed  by  his  feps,  which  are  meafured,  as  it  were,  in  ca¬ 
dence,  and  to  fop  from  time  to  time,  but  without  fitting 
down,  and  without  halting  too  long  to  catch  cold.  He  may 
afeend  in  this  manner,  without  fopping,  200  fathoms  per¬ 
pendicular  height,  and  that  is  enough.  He -muff  pull  off 
his  coat,  when  he  begins  to  perfpire,  and  carry  it  folded  up  on 
his  ffioulder  :  in  this  manner  the  heat  produced  by  the  labour 
of  walking  may  be  moderated,  and  he  will  find,  when  he 
halts,  the  benefit  of  an  additional  covering,  without  any  of 
its  inconveniences.  In  regard  to  drefs,  it  is  of  efiential  ad¬ 
vantage,  when  a  traveller  fets  out  for  the  glaciers,  whatever 
may  be  the  heat  in  the  plain  country  below,  to  take  proper 
precautions  to  guard  againff  the  cold,  which  it  is  not  always 
ppffible  to  forefee.  To  the  ladies  in  particular  I  recommend 
{his  attention. 
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Thefe  precepts  are  addrefled,  more  or  lefs  directly,  to  alj. 
travellers  who  may  be  defirous  of  traverfing  the  mountains ; 
but  I  fhali  add  a  few  words  to  thofe  who  are  philofophers  or 
naturalifts,  and  to  the  amateurs  of  lithology  in  particular. 
The  latter  have  frequently  experienced  the  inconvenience  of 
having  nothing  but  their  pockets  to  contain  the  fpecimens  of 
rock  which  they  detach  with  a  hammer  :  thefe  are  foon  filled, 
and  harafs  the  traveller  by  their  fwinging  movement.  I 
fuppiy  this  deficiency,  with  advantage,  in  the  following 
manner : 

To  a  pretty  broad  leather  belt  I  have  adapted  a  loop  of 
the  fame  material,  placed  in  an  inclined  pofition,  to  receive 
my  hammer,  nearly  in  the  fame  manner  as  the  Turks  carry 
their  poniards.  On  the  other  fide  is  a  fmall  pocket,  which 
contains  a  bottle  of  acid  in  a  wooden  cafe,  a  piece  of  fieel 
for  finking  fire,  &c.  This  belt  or  girdle  forms  the  upper 
part  of  an  apron  of  very  thin  leather,  which,  when  letdown, 
would  cover  the  knee,  but  which,  when  tucked  up  on  each 
fide,  forms  a  large  horizontal  pocket  before,  open  at  the  top, 
and  fupported  in  the  middle  by  a  thong  fhaped  like  an  in¬ 
verted  Y ;  the  two  branches  of  which  are  fewed  to  the  girdle, 
and  pafs  round  the  apron  below.  The  tail  of  the  Y  is  turned 
up  before,  and  is  buckled  to  the  bandolier  with  which  I 
carry  my  barometer.  The  ftones  which  I  put  into  this 
pocket  being  difpofed,  as  it  were,  around  the  centre  of  gra¬ 
vity  of  the  body,  and  being  fupported  in  part  by  the  fhoul- 
ders,  on  account  of  the  thong  which  envelops  the  apron, 
oecafion  no  inconvenience.  I  thus  have  them  all  under 
my  eye,  and  at  hand  when  1  wifh  to  fubftitute  one  fpecimen 
for  another;  and  they  experience  no  agitation,  and  do  not 
rub  againft  each  other  as  they  do  in  the  pockets. 

To  the  fame  girdle,  on  one  fide,  are  fufpended,  by  fieel4 
hooks,  one  of  Ramfden’s  fextants  of  three  inches  radius, 
which  gives  even  the  minutes  of  a  degree;  an  infirument 
exceedingly  convenient  for  meafuring  ancles.  On  the  other 
fide  is  fufpended  an  artificial  horizon,  with  a  fpirit  level  for 
taking  heights.  The  box  of  this  infirument  [  difpofc  hi 
inch  a  manner  that  it  ferves  me  for  a  Hand  when  nccefifarV, 
p^'ing  fupported  by  a  Hafir  that  opens  at  bottom  with  three 
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feet ;  it  ferves  alfo  as  a  fupport  for  my  barometer,  anc!  makes' 
an  excellent  walking-flick  when  the  three  branches  arc 
folded  together.  Though  the  whole  of  thefe  inflruments, 
added  to  the  ufual  quantity  of  Hones  collected  during  an 
excurfion  of  this  kind,  amount  in  weight  to  more  than 
twenty  pounds,  I  am  not  much  incommoded  by  the  burden, 
on  account  of  its  being  equally  diftributed;  and  in  my  lad 
Alpine  journey,  which  I  undertook  with  the  unfortunate 
Dolomieu,  he  envied  my  lot,  though,  indead  of  being 
accoutred  as  I  was,  he  carried  only  his  hammer  and  his 
fpecimens. 


IV,  A  cheap  and  efficacious  Method  for  defraying  Rats  and 
Mice  ;  recommended  to  the  Agriculture  Society  of  Man- 
chefler *  by  Mr.  C.  Fay  lor,  Secretary  to  the  Society  for 
the  Encouragement  of  Arts ,  Manufactures,  and  Commerce, 

In  or  near  the  places  frequented  by  thefe  vermin,  place 
upon  a  (late  or  tile  one  or  two  meat  fpoonfuls  of  drv  oat¬ 
meal  ;  lay  it  thin,  and  prefs  it  flat,  that  you  may  more  eafily 
know  what  is  taken  away.  The  rats,  if  not  interrupted,  will 
come  regularly  to  feed  there;  fupply  them  thus  with  frefh 
oatmeal  for  two  or  three  days ;  then  to  about  fix  fpoonfuls  of 
dry  oatmeal  add  three  drops  of  oil  of  anifeeds;  and  having 
ftirred  the  mixture  well  together,  feed  them  with  this  for 
two  or  three  days  more ;  then  for  one  day  give  them  only 
half  the  quantity  they  have  ufually  eaten  of  this  feented  oat¬ 
meal,  and  on  the  following  day  place  the  following  mixture : 

To  four  ounces  of  dry  oatmeal,  feented  with  fix  drops  of 
oil  of  anifeeds,  add  half  an  ounce  of  carbonat  of  barytes, 
previously  pounded  very  fine  in  a  mortar,  and  lifted  through 
a  little  fine  mufbn  or  cambric  :  mix  this  intimately  with 
the  feented  oatmeal,  and  lay  this  mixture  of  oatmeal  and 
barytes  upon  the  tile  or  flate,  as  the  oatmeal  had  been  ufually 
placed,  and  allow  the  rats  to  come  and  eat  cf  it  for  twenty- 
four  hours  without  interruption. 

For  this  communication  Mr.  Taylor  received  the  thanks  of  the 
Society.  As  that  Society  has  not  yet  publilhed  anv  of  its  tranfadtions, 
-#ur  inferring  this  article  cannot  fail  to  prove  highly  ufeful. 
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A  few  hours  after  eating  thereof,  you  will  frequently  fee 
fame  of  them  running  about  as  if  drunk,  or  paralytic,  hut 
eventually  they  generally  all  retire  to  their  haunts  and  die. 
As  rats  are  extremely  fagacious,  it  may  be  proper,  where 
they  have  only  eaten  a  fmall  portion,  to  allow  the  mixture  to 
remain  for  forty-eight  hours.  It  will  be  heft  to  burn  what 
is  left  after  that  time,  as  a  frefh  mixture  may  be  prepared  at 
a  trifling  expenfe,  when  wanted. 

During  the  time  in  which  the  mixture  of  barytes  is  ex- 
pofed  to  the  rats,  it  is  neeeflary  to  keep  (hut  .the  doors  of  the 
places  where  it  is  laid,  to  prevent  the  vermin  from  being 
difturbed,  or  a  pofflbihty  of  accident  to  any  other  animal  or 
perfon  ;  for  though  it  is  not  fo  extremely  dangerous,  if  taken 
internally,  as  the  preparations  commonly  employed  for  kill¬ 
ing  rats,  and  is  even  in  fonre  cafes  ufed  in  medicine,  yet  it* 
is  fatal  if  taken  improperly. 

The  ,oil  of  anifeeds  renders  the  mixture  difagreeable  to 
clogs  and  many  other  animals,  but  is,  in  fmall  quantities, 
alluring  to  rats. 

The  carbonat  of  barytes  may  be  procured  in  large  quan¬ 
tities  at  the  load  mines  belonging  to  Sir  Frank  Standifh, 
Bart,  at  Anglezark,  near  Chorley :  the  proper  fort  is  tafte- 
lefs,  femi-tranfparent,  and  eflfervefces  with  acids :  it  is  mo¬ 
derately  hard  and  ftriated.  It  is  frequently  called  aerated 
barytes  {terra  fonder  of  a  de-rat  a ),  and  fometimes,  by  the 
miners,  ponderous  fpar. 


V .  A  brief  'Examination  of  the  received  Doctrines  r  effecting 
Heat  or  Caloric .  By  Alexander  Til  loch.  Read 
before  the  AJkeJian  Society ,  December  1799. 

[Continued  from  Page  78.] 

Quantity  of  heat  added  to  that  already  in  water  of 
a  known  temperature,  which  fhall  fenjibly  increafe  the  volume 
of  the  compound,  heat  and  water,  only  one  thoufandth  part, 
is feujible  heat;  caloric  not  in  combinat'on,  not  in  chemical 
union — it  is  cognifable  by  our  fenfes  !  But  if  enough  be 
added  fenjibly  to  increafe  the  volume  to  one  thoufand  times 
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its  original  hulk ,  then  the  added  heat  is  latent $  it  is  in  che¬ 
mical  union  ;  it  is  combined  caloric  !  Beeaufe  now  riot  cog- 
niiable  by  our  fenfes  ?  No.  We  fee  the  volume  of  the 
(team  much  larger  tlum  that  of  the  water;  and  the  more 
heat  we  add,  the  greater  is  the  increafe  of  volume  while 
water  is  left  to  receive  it.  Yet  T  am  not  to  believe  that  the 
heat  is  cognifable  by  any  organ  of  fenfe  or  external  fign  ! 
In  other  words,  I  am  commanded  to  believe  as  true,  a  flate- 
inent  which  the  evidence  of  my  own  fenfes  makes  it  impoi- 
rible  I  can  give  credit  to. 

But,  fay  the  advocates  for  this  dodlrine,  a  fub (lance  fo 
charged  with  caloric  as  to  become  vapour,  will  not  indicate, 
by  the  thermometer,  any  further  increafe  of  temperature, 
though  we  continue  to  pour  heat  into  the  liquid  that  pro¬ 
duces  the  vapour  ;  therefore  the  extra  heat  mu(t  have  become 
latent  in  the  fleam  that  has  been  generated.  Nay,  we  can 
prove  the  fact ;  for  this  fame  latent  heat  may  again  be  made 
fenjible  in  the  common  procefs  of  condenfation. 

This  mode  of  reafoning  appears  to  me  to  be  more  fpecious 
than  juft.  It  is  demanding  that  the  common  thermometer 
fhould  do  in  this  cafe  what  it  never  does  in  any.  This  in- 
llrument  never  tells  the  quantity  of  heat  palling  into  any 
body,  even  in  thole  cafes  where  heat  is  counted  fenjible  or 
free ;  it  only  tells  the  comparative  quantity  pairing  into  itfelf 
from  the  body  in  which  it  is  immerfed,  or  with  which  it  is 
iii  eontadl,  to  bring  it  into  equilibrium  with  that  body  as  to 
heat. 

Boiling  water,  fleam,  the  materials  of  which  the  thermo¬ 
meter  is  made,  become  each  charged  with  heat  in  proportion 
to  their  capacities ,  and  this  whether  the  thermometer  be  in 
the  water  or  in  the  fleam.  The  thermometer  kept  in  the 
ileum  will  never  rife  higher  than  212°,  <£  beeaufe  there  the 
heat  is  latent !”  Keep  it  in  boiling  water  for  a  year,  and  it 
will  not  rife  higher  than  2120;  yet  there  the  heat  is  fenjible ! 
Is  this  diflindtkm  reconcilable  with  common  fenfe?  But  the 
reful t  may  even  be  altered  at  pleafure.  It  will  not  rife  higher 
than  212'  in  boiling  water  under  the  common  atmofphere: — 
in  other  words,  if. we  with  to  raife  the  heat  higher,  we  muff 
put  a  greater  prefriure  upon  the  water.  Confine  the  water  fo 

&  that 


refpe&ing  Heat  or  Caloric.  1%1 

that  hone  of  it  may  efcape,  and  the  heat  will  rife  in  it  far 
above  21 2°.  Confine  the  fleam,  and  in  it  the  heat  will  rife 
juft  as  high  as  in  the  confined  water;  yet  in  the  one  the  heat 
exifts  in  a  different  ftate  from  what  it  does  in  the  other  ! ! — > 
The  refult,  we  fee,  may  be  altered  by  mechanical  contriv¬ 
ances :  nay,  ftri&ly  fpeaking,  What  is  the  effebl  produced 
by  the  atmofphere  but  mere  mechanical  preffure  ?  Yet  wre  are 
to  believe  that  a  change  has  been  effedted  in  the  phyfical 
properties  of  one  of  the  fub fiances  fubjecled  to  its  mechanical 
operation! — df  Nature  had  fo  conftituted  the  atmofphere  as 
to  have  only  half  its  prefent  gravity,  the  point  at  which  heat 
would  become  latent,  as  it  is  called,  in  fleam  would  have  been 
far  below  21 2°.  When  Water  is  made  to  boil  in  an  exhaufted 
receiver  at  a  lower  temperature,  have  we  done  any  thing  but 
removed  weight  from  its  furface,  and  vice  verfa  r5— Does  the 
heat  in  the  fleam  in  thefe  cafes  pafs  into  a  latent  ftate  alfo  ? 
If  it  does,  the  effedl  is  mechanical  :  if  it  does  not,  then  the 
mere  accident  of  the  atmofphere  being  of  its  prefent  weight, 
has  nothing  to  do  with  the  boiling  point  happening  to  fall 
at  2120  !  But  he  that  would  fay  fo  would  be  counted  mad. 

At  Munich,  and  other  places  equally  elevated  above  the 
level  of  the  fea,  that  is,  having  a  lefs  weight  of  atmofphere 
upon  them,  water,  in  open  veffcls,  boils  at  209°.  In  a  par¬ 
tially  exhaufted  receiver  the  fame  effe6l  takes  place :  and  yet 
the  dodlrine  of  latent  heat  is  never  confidered  as  inconfiftent 
with  the  fa 61 ;  really  for  no  other  reafon  but  becaule  a  com¬ 
mon  thermometer  cannot  meafure  Jpecijic  heat. 

To  demand  that  a  thermometer  fhould  meafure  the  quan¬ 
tity  of  heat  poured  into  water  to  convert  it  into  vapour,  and 
to  maintain  it  in  that  form  ;  and  to  infill,  becaufe  the  inflru- 
ment  will  not  do  this,  that  the  heat  mud  have  changed  its 
nature,  and  loft  its  original  charadler ;  is  about  as  wife  as  it 
would  be  to  demand,  that  a  pint  meafure  dipt  into  the  ocean 
fhould  determine  the  quantity  of  water  in  the  latter,  and  to 
infill  that,  otherwife,  the  water  on  the  outfide  of  the  veffel 
muft  have  loll  its  original  chara6ler,  and  be  different  from 
that  within  :  it  is  demanding  that  mercury,  which,  by  its 
conftitution,  can  at  212"  only  expand  a  certain  quantity, 
compared  with  its  own  bulk  in  fame  given  lower  tempera- 
,  Vol.  VIII.  R  tore. 
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ture,  fhould  be  able  (without  our  making  any  comparative 
experiments  to  determine  the  point)  to  inform  us  how  many 
times  water  will  be  increafed  its  own  bulk  when  we  pour  a 
greater  quantity  of  h£at  into  it ! 

The  heat  in  the  fleam  is  as  much  fenfible  or  free  heat  as 
it  was  before  it  paffed  into  the  fleam,  if  thefe  terms  are  to  be 
applied  to  heat  cognifable  by  our  fenfes,  and  that  may  be 
meafured  comparatively.  But  the  Jieam  is  really  its  own 
thermometer ;  and  it  indicates  as  truly  the  quantity  of  heat 
that  has  paffed  into  a  given  quantity  of  water,  as  the  ther¬ 
mometer  does  the  quantity  that  paffes  into  itfelf;  aye,  and 
by  the  fame  means  too — the  magnitude  of  its  own  volume. 

Inftead  of  fuppofing,  in  the  cafe  of  fleam,  that  heat  has 
become  latent,  or  been  changed ,  would  it  not  be  more 
correct  to  aferibe  the  phenomenon  that  led  to  this  idea  to 
another  caufe,  a  change  in  the  form  of  the  water ,  which,  by 
its  conflitution,  is  forced  to  become  vapour,  under  the  common 
prefjure  of  the  atmofphere,  whenever  a  certain  ?iumber  of  times 
its  own  bulk  of  heat  is  poured  into  it.  7  he  quantity,  after 
proper  comparative  experiments,  could  then  be  expreffed  in 
fenfible  terms,  and  would  turn  out  to  be  the  whole  bulk  of 
the  Jieam  y  minus  the  original  volume  of  the  water  in  the  com- 

If  fome  fuch  method  were  followed,  it  appears  to  me  ex¬ 
tremely  probable  that  we  fhould  foon  arrive  at  many  truths 
refpe&ing  the  operations  of  the  univerfally  diffufed  fubflancc 
heat ,  which  otherwife  muff  efcape  us,  though  the  fa<ffs  that 
might  lead  to  them  are  daily  presenting  themfelves  in  almofi 
every  chemical  procefs.  It  would  furely  tend  much  to  the 
advancement  oi  fcience,  if  the  bulk ,  mafs,  or  volume  of  heat 
neceffary  to  convert  different  folids  into  liquids,  and  liquids 
into  gafes,  under  a  given  prefjure ,  were  accurately  deter¬ 
mined  by  experiment.  The  thermometer  would  then  be  a 
more  ufeful  inffrument  than  it  now  is — But  we  fhould  never 
look  to  it  to  perform  impoffibilities ;  we  fhould  no  more  ex¬ 
pert  it  to  meafure  the  quantity  of  heat  palling  into  or  out  of 
bodies,  than  we  fhould  attempt  to  meafine  the  quantity  of 
water  delivered  from  a  pump,  by  placing  an  hygrometer  or 
any  twilled  fibrous  fubftance  in  the  dream,  and  then  exa- 
9  mining 
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mining  how  much  its  length  is  diminifhed  or  its  diameter 
increafed. 

Some  may  fay,  that  the  cafe  of  the  converfion  of  water  into 
fteam  is  not  held  by  them  as  one  of  thofe  that  prove  the 
palling  of  heat  from  a  fenfible  to  a  latent  ftate,  and  that 
therefore  our  reafoning,  drawn  from  that  example,  will  not 
invalidate  the  do&rine ;  u  for  in  the  cafe  of  water  they  con- 
fider  the  heat  asjn  limple  mixture,  and  it  would  be  an  abufe 
of  words  to  call  fo  weak  an  union  by  the  name  of  combina¬ 
tion”  v  ' 

I  reply,  that  this  cafe  was  one  of  the  earlieft  brought  in 
fupport  of  the  do&rine,  and  alfo  thought  to  be  one  of  the 
ftrongeft ;  and  if  the  good  underftanding  of  any  has  led  them 
to  give  it  up,  it  is  the  more  furpriling  they  fhould  be  fo  blind 
as  to  continue  upholding  a  fabric  which  was  built  on  this  as 
one  of  its  foundation  hones;  and  which  does  not  appear  to 
me  to  be  upheld  by  any  one  fa£t  that  may  not  be  as  fatif- 
faftorily  explained,  without  admitting  the  exigence  of  heat 
in  two  diftin6t  hates. 

But,  fay  thefe,  two  different  fluids  of  the  fame  temperature 
when  united  will  often  give  out  heat — What  can  we  fay  of 
this  heat,  but  that  it  was  latent  or  combined  in  one  or  both 
of  the  huids,  and  that  it  is  thrown  out  as  fenfible  or  free 
heat  by  their  union  ?  I  would  fay  no  fuch  thing  without  a 
previous  examination  of  all  the  accompanying  phenomena-; 
and  one  of  ihefe  I  find  to  be  a  reduction  in  the  volume  of  the 
compound ,  which  is  lefs  than  that  of  the  fum  of  the  two.  The 
moleculas  of  the' two  fubhances  occupy  lefs  room  united  than 
in  their  refpe£iive  fluids.  For  inftance,  when  fulphuric  acid 
and  water  are  joined,  the  volume  of  the  mixture  is  lefs  than 
that  of  the  two  before  mixture;  there  is,  therefore,  lefs  lodg-> 
ing-room  left  for  the  heat :  in  other  words,  the  capacity  of 
the  compound  for  heat  is  lefs  than  the  fum  of  the  capacities 
of  the  ingredients :  therefore,  compared  with  furrounding 
bodies,  it  has  now  too  large  a  quantity,  and,  by  the  law  of 
equilibrium,  muff  give  oft'  the  furptus  to  the  furrounding 
bodies  in  proportion  to  their  capacities,  referving  of  fuch 
furplus  only  that  portion  due  to  itfelf,  and  neceflary  to  give 
it  fuch  an  increafed  temperature  as  the  furrounding  bodies 
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will  each  have  acquired,  by  the  diffufion  of  the  diflodged  heat, 
when  it  has  come  again  to  a  (late  of  equilibrium  ;  a  quantity 
which  niuft  in  general  be  fo  fmall  as  to  elude  all  meafure- 
ment  in  the  petty  precedes  of  the  laboratory. 

Are  there  any  cafes  in  which  heat  is  diflodged  by  the  union 
of  two  liquids,  and  where,  at  the  fame  time,  the  volume  ot 
the  mixture  is  not  reduced  below  that  of  the  fum  of  the  vo¬ 
lumes  of  the  ingredients?'  I  do  not  recoiled!  any.  There 
may,  however,  be  fome,  and  it  will  be  time  enough  to  at¬ 
tempt  to  explain  them  when  they  are  adduced.  In  the  mean 
time,  when  a  diminution  of  volume  follows,  or  rather  ac¬ 
companies,  the  extrication  of  heat  from  any  body,  inftead  of 
running  to  the  dodtrine  of  latent  heat  being  then  made 
fenfible  (that  is,  heat  being  changed  in  its  character),  we 
ought,  to  content  ourfelves  with  flating  an  obvious  fadt, 
namely,  that  the  moleculae  of  the  two  liquids  are  fo  con- 
ftructed  and  formed  as  to  admit  of  their  coming  clofer  toge¬ 
ther  when  mixed  than  they  could  when  refpedlively  alone;  # 
and,  of  courfe,  now  fill  reciprocally  fpaces  that,  before  their 
mixture, ’  were  filled  with  heat:  the  latter  fubftance,  in  con- 
fequence  of  being  thus  diflodged  (for  two  fubftances  cannot, 
at  one  and  the  fame  time,  occupy  the  fame  (pace),  diffufes 
itfelf  among  the  furrounding  bodies  in  proportion  to  their 
capacities,  conftituting  in  them,  what  it  did  m  thofe  it  has 
quitted,  bulk  or  volume. 

What  takes  place  in  fuch  cafes  may  be  illuflrated  by  one 
of  a  different  kind.  If  a  pint  of  fmall  fhot  and  a  pint  of  dry 
fand  be  mixed,  they  will  occupy  a  lefs  volume  than  two 
pints;  air  is  thrown  out  that  was  before  lodged  in  the  in- 
terftices  of  both  of  them.  Was  it  latent  air  then,  and  is  it 
fenfible  air  now  ?  Did  it  differ  in  its  properties  before  and 
after  being  ejected  ?  Weighing  the  ingredients  before  and 
after  mixture,  will  not  tell  how  much  air  has  been  ejedfed  ; 
but  we  know,  nouvithflanding,  that  its  volume  may  be  mca- 
fured  ;  and  fo  may  that  of  the  heat  driven  out  in  the  cafe 
which  this  was  brought  to  illuftrate, 

Ho\v  are  fluids  in  general  meafured  but  by  their  bulk  ? 
or  their  weight,  when  circumftances  will  allow  it?  Water, 
for  instance,  in  common  cafes,  is  diredtly  meafured  by  any 
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vefTel  whole  capacity  is  known  or  can  be  come  at ;  in  others, 
as  in  a  wet  piece  of  wood,  a  brick,  or  other  fubftance,  the 
quantity  rnuft  be  found  out  by  other  means  :  but  in  every 
cafe  where  water  is  added  to  another  fubftance,  which  is 
made  thereby  to  expand  exactly  in  the  direCt  ratio  of  the 
quantity  of  water  added  (if  there  be  any  fuch),  the  quantity 
may  be  determined  by  meafuring  the  compound,  and  de¬ 
ducting  therefrom  the  original  volume  of  the  other  fubftance. 
IVould  it  be  a'jurd  to  talk  of  measuring  the  matter ,  fluid ,  or 
fuljlance ,  called  heat ,  in  a  jimilar  manner  P 

When  a  thermometer  is  applied  to  any  fubftance  of  a 
higher  temperature  than  itfelf,  it  is,  by  the  operation  of  the 
general  law,  foon  brought  into  equilibrium  with  that  fub¬ 
ftance  as  to  heat ;  and  we  fay,  it  has  rifen  fo  many  de¬ 
grees. We  are  habituated  to  this  mode  of  fpeaking,  and 
fatisfy  ourfelves,  without  any  more  inquiry,  that  the  pheno¬ 
menon  requires  no  further  inveftigation ;  and  as  to  the  ac¬ 
companying  phenomena,  we  generally  overlook  them  alto¬ 
gether.  When  we  find  that  the  mercury  has  increafed  in 
volume,  would  it  be  abfurd  to  alk  this  fimple  queftion  ?  Is 
the  increafe  to  be  attributed  not  merely  to  the  addition  of 
heat,  but  to  the  addition  of  a  quantity  equal  in  bulk  to  the 
increafe  of  volume  acquired  by  the  mercury  P  I  think  it  ex¬ 
tremely  probable  that  the  amount  of  increafe  or  diminution 
of  the  volume  of  any  fubftance,  when  heat  is  added  or  ab- 
ftraCted,  is  the  real  bulk  of  the  heat  fo  added  or  abftraCted. 
That  I  may  be  clearly  underftood,  I  {hall  illuftrate  my  mean¬ 
ing  by  a  com  pari  fon  : 

,  If  to  a  cubic  inch  of  a  compact  piece  of  gum  and  water 
new  unknown  quantities  of  water  be  added,  who  would  ever 
think  of  wire-drawing  the  mixture  through  a  tube,  and  ex- 
prefting  the  refult  in  degrees  of  no  known  quantity,  nor  re¬ 
ferable  to  any  determinate  tneafure  ?  The  cafes  to  me  appear 
perfectly  parallel. 

To  a  mixture  of  gum  and  water  we  add  water,  and  the 
volume  of  the  mixture  is  increafed;  and  to  a  mixture  of 
mercury  and  heat  we  add  heat,  and  the  volume  of  that 
mixture  is  increafed. 


When 
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When  the  volume  of  a  fubftance  is  increafed  by  heat,  can 
any  thing  be  conceived  more  eafily  practicable,  in  many 
cafes,  than  to  determine,  by  aCtual  meafurement,  the  pro¬ 
portion  that  the  increafe  bears  to  the  volume  of  the  mafs  at 
<  4  given  lower  temperature  ?  Is  not  this  already  done  in  many 
cafes?  The  experiments  on  this  point  fhould  be  multiplied, 
fo  as  to  embrace,  if  poffible,  every  known  fubftance  and 
every  degree  of  heat.  Moft  fubftances  would  then  become 
their  own  thermometers :  nay,  all  are  fo  at  prefect*  but  we 
have  not  examined,  the  relations  of  all  their  different  feales. 

[To  be  continued.] 


VL  Experiments  on  the  Solar  and  on  the  T errejlrial  Rays  that 
occafion  Heat  \  with  a  comparative  View  of  the  Laws  to 
which  Light  and  Heat ,  or  rather  the  Rays  which  occafion 
them,  are  fubje£ty  in  order  to  determine  whether  they  are  the 
fame ,  or  different .  By  William  Herschel,  LL.D. 
F.R.S \ 

[Continued  from  Page  21,] 

$fh  Experiment*  Refection  of  the  Heat  of  a  Coal  Fire  by 

plain  Mirror . 

T  ■  ,  1 

A  placed  a  fmall  fpeculum,  fueh  as  I  ufe  with  my  7-feet 
refle&ors,  upon  a  (land,  and  fo  as  to  make  an  angle  of  45 
degrees  with  the  front  of  it*.  This  Was  afterwards  to  face 
the  fire  in  my  parlour  chimney,  and  would  make  the  fame 
angle  with-  the  bars  of  the  grate.  At  a  diftance  of  4  f 
inches  from  the  fpeculum,  on  the  reflecting  fide  of  it,  was 
placed  the  thermometer  No.  1  ;  and  dole  by  it,  but  out  of 
the  reach  of  the  reflected  rays,  the  thermometer  No.  4.  The 
whole  was  guarded  in  front,  againft  the  influence  of  the  fire, 
by  an  oaken  hoard  inch  thick,  which  had  a  circular  open¬ 
ing  of  inch  diameter,  oppofite  the  fituation  of  the  plain 
mirror,  in  order  to  permit  the  fire  to  fliine  upon  it.  The 
thermometers  were  divided  from  the  mirror  bv  a  wooden 
partition,  which  alfo  had  an  opening  in  it,  that  the  refle&ed 

*  See  Plate  II.  fig.  z. 
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rays  might  come  from  the  mirror  to  No.  1,  while  No.  4 
remained  fereened  from  their  influence.  On  expofing  this 
apparatus  to  the  fire,  I  had  the  following  refult : 

No.  1.  No.  a..")  Here,  in  five  minutes,  the  heat  re¬ 
flected  from  the  plain  mirror  raifed 
the  thermometer  No.  1,  7  de¬ 
grees;  while  the  change  in  the 
temperature  of  the  fereened  place, 
indicated  by  No.  4,  amounted 
only  to  half  a  degree:  which  {hows 

rays  that  are  fubjoCt  to  the  laws  of 
reflection,  and  occafion  heat. 

■4  $  V 

6th  Experiment,  Reflection  of  Fire-Heat  by  a  Prifm, 

Every  thing  remaining  arranged  as  in  the  5th  experiment, 
i  removed  the  fmall  plain  mirror,  and  placed  in  its  (lead  a 
prifm  which  had  one  of  its  angles  of  90  degrees,  and  the 
other  two  of  45  degrees  each*.  It  was  put  fo  as  to  have 
one  of  the  fides  facing  the  fire,  while  the  other  was  turned 
towards  the  thermometer :  the  hypotenufe,  confequently, 
made  an  angle  of  45  degrees  with  the  bars  of  the  grate.  The 
apparatus,  after  having  been  cooled  fonie  time,  was  expofed 
to  the  fire,  and  the  following  refult  was  taken : 
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Here,  in  eleven  minutes,  the 
rays  reflected  by  the  prifm 
raifed  the  thermometer  41- 
degrees  ;  but,  the  temperature 
of  the  place  having  undergone 
ail  alteration  of  1 |  degrees,  we 
can  only  place  2%  to  the  ac¬ 
count  of  reflection.  The  ap¬ 
paratus  becoming  now  very 
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hot,  it  would  not  have  been  fair  to  have  continued  the  ex¬ 
periment  for  a  longer  time;  but  the  effeCt  already  produced 
was  fully  fufficient  to  fhow,  that  even  a  prifm,  which  flops 
a  great  many  heat-making  rays,  ftill  reflects  enough  of  them 
to  prove,  that  an  open  fire  not  only  fends  them  out,  but  that 
they  are  fubjeCt  to  every  law  of  reflection. 


7  ti 


*  See  Plate  II.  fig.  z.  F. 
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ytb  Experiment.  Reflection  of  invijible  Solar  Heat . 

On  a  board  of  about  4  feet  6  inches  long,  I  placed  at  on6 
end  a  fin  all  plain  mirror,  and  at  the  other  two  thermome¬ 
ters*.  The  dittance  of  No.  1,  from  the  face  of  the  mirror, 
was  3  feet  9J  inches  5  and  No.  2  was  put  at  the  fide  of  it, 
facing  the  fame  way,  but  out  of  the  reach  of  the  rays  that 
were  to  be  reflected  by  the  mirror.  The  colours  of  the  prifm 
were  thrown  on  a  fheet  of  paper,  having  parallel  lines  drawn 
upon  it,  at  half  an  inch  from  each  other.  The  mirror  was 
Rationed  upon  the  paper;  and  was  adjufied  in  fuch  a  man¬ 
ner  as  to  prefent  its  polifhed  furface,  in  an  angle  of  45  de¬ 
grees,  to  the  incident  coloured  rays,  by  which  means  they 
would  be  reflected  towards  the  ball  of  the  thermometer  No.  1. 
In  this  arrangement,  the  whole  apparatus  might  be  with¬ 
drawn  from  the  colours  to  any  required  diftance,  by  attend¬ 
ing  to  the  laft  vifible  red  colour,  as  it  fhowed  itfelf  on  the 
lines  of  the  paper.  When  the  thermometers  were  properly 
fettled. to  the  temperature  of  their  fituation,  during  which 
time  the  mirror  had  been  covered,  the  apparatus  was  drawn 
gently  away  from  the  colours,  fo  far  as  to  caufe  the  mirror, 
which  was  now  open,  to  receive  only  the  invisible  rays  of 
heat  which  lie  beyond  the  confines  of  red.  The  refuit  was 

Here,  in  ten  minutes,  the  ther¬ 
mometer  No.  1  received  four 
degrees  of  heat,  reflected  to  it, 
in  the  Itri&eft  optical  manner, 
by  the  plain  mirror  of  a  New¬ 
tonian  telefcope.  The  great 

regularity  with  which  thefe  invifible  rays  obeyed  th&  law  of 
refle&ion  was  fuch,  that  Dr.  Wilfon’s  fenfible  thermomeier, 
No.  2,  which  had  been  chofen  on  purpofe  for  a  ftandard, 
and  was  within  an  inch  of  the  other  thermometer,  remained 
all  the  time  without  the  leaft  indication  of  any  change  of 
temperature  that  might  have  arifen  from  ftraggling  rays,  had 
there  been  any  fuch.  I  now  took  away  the  mirror,  but  left 
every  thing  elfe  in  the  fituation  it  was.  The  effe6f  of  this 
was  thus : 


as  follows : 

No.  1.  No.  2.^ 
o'  56  56 

—  •  57  56 
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10  60  56  > 


*  See  Plate  IV.  fig.  1. 
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No.  2.  \  Here,  in  ten  minutes,  the  ther- 
56  I  mometer  No.  1  loft  asrain  the 


56 
5 6 
56 


four  degrees  it  had  acquired, 
while  No.  2  ftill  remained. un¬ 
altered;  and  this  becomes  there¬ 


fore  a  mod  deciftve  experiment,  in  proof  of  the  exiftence  of 
invifible  rays,  of  their  being  fubjeCt  to  the  laws  of  reflection, 
and  of  their  power  of  occafioning  heat. 

8 //a  Experiment.  Reflection  and  Condenfaiion  of  the  invifible 

Solar  Rays. 

I  made  an  apparatus  for  placing  the  fmall  ftcel  mirror  at 
any  required  angle  *;  and,  having  expofed  it  to  the  prifmatic 
fpeCtrum,  fo  as  to  receive  it  perpendicularly,  I  caufea  the 
colours  to  fall  on  one  half  of  the  mirror,  which,  being  covered 
by  a  femicircular  piece  of  pafteboard,  would  ftop  all  vifible 
rays,  fo  that  none  of  them  could  reach  the  polifhed  furface. 
On  the  pafteboard  were  drawn  feveral  lines,  parallel  to  the 
diameter,  and  at  the  diftance  of  one-tenth  of  an  inch  from 
each  other;  that,  by  withdrawing  the  apparatus,  I  might 
have  it  at  option  to  remove  the  laft  vifible  red  to  any  required 
diftance  from  the  reflecting  furface.  In  the  focus  of  thef 
mirror  was  placed  the  thermometer  No.  2.  I  covered  now 
alfo  the  other  half  of  the  mirror,  till*  the  thermometer  had 
aflumed  the  temperature  of  its  fttuation.  Then,  withdrawing 
the  apparatus  out  of  the  vifible  fpeCtrum,  till  the  laft  tinge  of 
red  was  one-tenth  of  an  inch  removed  from  the  edsre  of  the 

D 

pafteboard,  and  the  whole  of  the  coloured  image  thus  thrown 
on  the  femicircular  cover,  1  opened  the  other  half  of  the 
mirror  for  the  admiflion  of  invifible  rays.  The  refult  was  as 
follows : 

No.  2.  *n  Here,  in  one  minute,  the  ther- 

In  the  Focus  of  invifible  Heat.  I  mometer  role  1 9  degrees, 
61  |  I  covered  the  mirror, 
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Here,  in  three  minutes,  the  thermometer  fell 
d^f  16  degrees.  I  opened  the  mirror  again. 


Vol.  VIII. 


*  See  Plate  II.  fig.  1. 
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No.  i.  -v  Here,  in  two  minutes,  tbs 

In  the  Focus  of  invifible Heat,  f  thermometer  rofe  24  de- 

tf  83  j  grees.  I  covered  the  mir~ 

6  -88  J  ror  once  more. 

f  69 — -And,  in  one  minute,  the  thermometer  fell 

19  degrees^  Now,  by  this  alternate  riling  and  falling  of  the 
thermometer,  three  points  are  clearly  afcertained.  The  firft 
is,  that  there  are  invifible  rays  of  the  fun.  The  fecond,  that 
thefe  rays  are  not  only  reflexible,  in  the  manner  which  has 
been  proved  in  the  foregoing  experiment,  but  that,  by  the 
flricT  laws  of  reflection,  they  are  capable  of  being  condenfed.- 
And,  in  the  third  place,  that  by  condenfation  their  heating 
power  is  proportionally  increafed  ;  for,  under  the  circum- 
fiances  of  the  experiment,  we  find  that  it  extended  fo  far  as- 
to  be' able  to  raife  the  thermometer/  in  two  minutes,  no  lefs 
than  24  degrees. 

9  th  Experiment.  Ee fie  Bum  of  invifible  Culinary  Heat. 

I  planted  my  little  fteel  mirror  upon  a  fmall  board*,  and, 
at  a  proper  difiance  oppofite  to  it,  I  ereCfed  a  flip  of  deal, 
V  inch  thick  and  1  inch  broad,  in  a  horizontal  direction, To  as 
to  be  of  an  equal  height,  in  the  middle  of  its  thicknefs,  with 
the  centre  of  the  mirror.  Againft  the  fide,  facing  the  mirror, 
were  fixed  the  two  thermometers  No.  2  and  No.  3,  with  their 
balls  within  half  an  inch  of  each  other,  and  the  fcales  turned 
the  oppofite  way.  A  little  of  the  wood  was  cut  out  of  the. 
flip,  to  make  room  far  the  balls  to  be  freely  expofcd.  That 
of  No.  2  was  in  the  axis  of  the  mirror,  and  the  ball  of  No.  2 
was  fcreened  from  the  reflected  rays  by  a  fmall  piece  of  pafie- 
board  tied  to  the  feale.  The  fmall  ivory  fcales  of  the  ther¬ 
mometers,  with  the  flip  of  wood  at  their  back,  which,  however, 
Was  feather-edged  towards  the  fiove,  intercepted  fome  heat} 
but  it  will  be  feen  prefently  that  there  was  enough  to  fpare. 
When  my  fiove  was  of  a  good  heat,  1  brought  the  apparatus, 
tq  a  place  ready  prepared  for  it. 

No.  2.  No  3.  >  Here  we  find  that,  in  one  mi- 

in  tne  Focus,  Screened.  1  mite,  tlie  invifible  culinary 
&  52  5 3  f  heat  taTed  the  thermometer 

■V  ,9 1  53  ^  No.  2,  39  degrees ;  while 

*  Se&  Fiats  IV.  fig.  2. 
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No.  3,  from  change  of  temperature,  rofe  only  one,  notwith¬ 
standing  its  expofure  to  the  Hove  was  in  every  refpeCt  equal 
to  that  of  No.  3,  except  fo  far  as  relates  to  the  rays  returned 
by  the  mirror;  and  therefore  the  radiant  nature  of  thefe  in- 
vifible  rays,  their  power  of  heating  bodies,  and  their  being 
fubjeCt  to  the  laws  of  reflection,  are  equally  eftablifhed  by 
this  experiment. 


10th  Experiment .  Reflection  of  the  inviflble  Rays  of  Heat  of 
a  Raker ,  cooled  from  being  red-hot  till  it  could  no  longer 
he  feen  in  a  dark  Place, 

The  great  abundance  of  heat  in  my  lart  experiment  would 
not  allow  of  its  being  .carried  on  without  injury  to  the  ther¬ 
mometer,  the  fcale  of  which  is  not  extenfive;  I  therefore 
placed  a  poker,  when  of  a  proper  black  heat,  at  12  inches 
from  the  ft  eel  mirror  *,  and  received  the  effeCt  of  its  con- 
denied  rays  upon  the  thermometer  No.  2,  placed  in  the  focus. 
Then,  alternately  covering  and  uncovering  the  mirror,  one 
minute  at  a  time,  the,effeCt  was  as  follows: 

No.  2.q  Here,  in  fix  minutes 
61 
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we  have  a  repeated 
reful tof  alternate  ele¬ 
vations  and  depref- 
fions  of  the  thermo¬ 
meter,  all  of  which 
confirm  the  Teflexi- 
bility,  the  radiant 


nature,  and  the  heating  power  of  the  inviflble  rays  that  came 
from  the  poker. 

From  thefe  experiments  it  is  now  fufficiently  evident,  that  in 
every  fuppofed  cafe  of  folar  and  terreftrial  heat,  we  have  traced 
out  ravs  that  are  fubjeCt  to  the  regular  laws  of  reflection,  and 
are  inverted  with  a  power  of  heating  bodies  ;  and  this  inde¬ 
pendently  of  light.  For,  though,  in  fqur  cafes  out  of  fix,  we 
had  illuminating  as  well  as  heating  rays,  it  is  to  be  noticed 
that  our  proof  goes  only  to  the  power  of  occafioning  heat, 
which  has  been  ItriCtlv  alcertained  by  the  thermometer.  If 

<«  J  ** 

it  fhould  be  faid,  that  the  power  of  illuminating  objeCfs  of 
thefe  fame  rays  is  as  flriCfly  proved  by  the  fame  experiments. 


v  See  Piate  I.  h^r.  1, 
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I  muft  remark  that,  from  the  cafes  of  invifible  rgys  brought 
forward  in  the  four  laft  experiments,  it  is  evident  that  the 
conclufion  that  rays  muft  have  illuminating  power  becaufe 
they  have  a  power  of  occafioning  heat  is  erroneous ;  and,  as 
this  mu  ft  be  admitted,  we  have  a  right  to  afk  for  fome  proof 
of  the  aftertion,  that  rays  w'hich  occafion  heat  can  ever  be¬ 
come  vifible.  But,  as  we  fliall  have  an  opportunity  to  fay 
more  of  this  hereafter,  I  proceed  now  to  inveftigate  the  re¬ 
fraction  of  heat-makina'  rays. 

nth  Experiment.  Refradion  of  Solar  Heat. 

W  ith  a  new  ten-feet  Newtonian  telefcope,  the  mirror  of 
which  is  24  inches  in  diameter  of  poliftied  furface,  I  received 
the  rays  of  the  fun;  and,  making  them  pafs  through  a  day- 
piece  with  four  lenses,  I  caufed  them  to  fall  on  the  ball  of 
the  thermometer  No.  3,  placed  in  their  focus.  Thofe  who 
are  acquainted  with  the  lines  in  which  the  principal  rays  and 
pencils  move  through  a  fet  of  glafles,  will  eafily  conceive  how 
artfully,  in  our  prefent  inftance,  heat  was  font  from  one 
place  to  another — heat  crofting  heat,  through  many  inter¬ 
fering  courfes,  without  joftling  together,  and  each  parcel 
amvmg  at  laft  fafely  to  its  defined  place.  As  loon  as  the 
rays  were  brought  to  the  thermometer,  it  rofe,  almoft  inftant- 
ly,  from  60  degrees  to  130 ;  and,  being  afraid  of  cracking  the 
glaffes,  I  turned  away  the  telefcope.  Here  the  rays,  which 
occafioned  no  lefs  than  70  degrees  of  heat,  had  undergone 
eight  regular  fucceflive  refractions ;  fo  that  their  being  lubjeCt 
io  its  laws  cannot  be  doubted. 

12  th  Experiment.  Rtf  rad  ion  of  the  Heat  of  a  Candle. 

I  placed  a  lens  of  about  1,4  inch  focus  and  1,1  inch  dia¬ 
meter,  mounted  upon  a  fmall  fupport,  at  a  diftance  of  2,8 
inches  from  a  candle*;  and  the  thermometer  No.  2,  be¬ 
hind  the  lens,  at  an  equal  diftance  of  about  2,8  inches ;  but 
which  ought  to  be  very  carefully  adjufted  to  the  fecondary 
focus  of  the  candle.  Nbt  far  from  the  lens,  towards  the 
candle,  was  a  pafteboard  fereen,  with  an  aperture  of  nearly 
the  fame  ftze  as  the  lens.  The  fupport  of  the  lens  had  an 

y  See  Piate  IV,  fig.  3. 
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eccentric  pivot,  on  which  it  might  be  turned  away  from  its 
place,  and  returned  to  the  fame  fituation  again,  at  pleafure. 
This  arrangement  being  made,  the  thermometer  was  for  a 
few  moments  expofed  to  the  rays  of  the  candle,  fill  it  had 
affumed  the  temperature  of  its  fituation.  Then  the  lens  was 
turned  on  its  pivot  fo  as  to  intercept  the  direct  rays  which 
pafl'ed  through  the  opening  in  the  pafteboard  fcreen,  and  to 
refract  them  to  the  focus,  in  which  the  thermometer  was 
fituated. 
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(Here,  in  three  minutes,  the  thermometer  re¬ 
ceived  2  g  degrees  of  heat,  by  the  refraction 
of  the  lens.  The  lens  was  now  turned 
away. 

Here,  in  three  minutes,  the  thermometer  loft 
2 1-  degrees  of  heat.  The  lens  was  now  re- 
turned  to  its  fituation. 


°f  53^  And,  in  three  minutes,  the  thermometer  re  - 

1  54c  l  gained  the  2^  degrees  of  heat.  A  greater 

2  55 f  f  eflfeCt  may  be  obtained  by  a  different  ar- 

3  56  j  rangement  of  the  diltances.  Thus,  if  the 

lens  be  placed  at  31  inches  from  a  wax  candle,  and  the  ther¬ 
mometer  fituated,  as  before,  in  the  fecondary  focus,  we  fhall 
be  able  to  draw  from  5  to  8  degrees  of  heat,  according  to  the 
burning  of  the  candle,  and  the  accuracy  of  the  adjuftment  of 
the  thermometer  to  the  focus.  The  experiment  we  have  re¬ 


lated  {hows  evidently  that  rays  inverted  with  a  power  of  heat¬ 
ing  bodies  iffue  from  a  candle,  and-' are  fubjeCt  to  laws  of' 
npfra&ion,  nearly  the  fame  with  thofe  refpeCting  light. 


13/5  Experiment .  Ref  rad  ion  of  the  Heat  that  accompanies 
the  coloured  Part  of  the  Prifmatic  hpettrum . 

I  covered  a  burning  lens  of  Mr.  Dollond’s,  which  is  nearly 
9  inches  in  diameter,  and  verv  highly  polifhed,  with  a  piece 
of  pafteboard,  in  which  there  was  an  opening  of  a  fufficient 
fize  to  admit  all  the  coloured  part  of  the  prifmatic  fpeCtrum*. 
In  the  focus  of  the  glafs  was  placed  the  thermometer  No.  3; 
gild,  when  every  thing  was  arranged  properly,  I  covered  the' 


See  Plate  IV.  fig.  4. 


lens 
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lens  for  five  minutes,  that  the  thermometer  might  a  (fume  the 
temperature  of  its  fituation.  The  refult  was  as  follows  : 

No.  3.3  Here.,  in  one  minute,  the 
The  lens  covered  o'  64  >  thermometer  received 

Open  -  1  176  J  1 12  degrees  of  heat, 

which  came  with  the  coloured  part  of  the  folar  fpeftrum,and 
were  ref  rafted  to  a  focus  ;  fo  that,  if  the  coloured  rays  them- 
felves  are  not  of  a  heat-making  nature,  they  are  atleafl  accom¬ 
panied  with  rays  that  have  a  power  of  heating  bodies,  and  are 
fubjeft  to  certain  laws  of  refraction,  which  cannot  differ 
much  from  thofe  affecting  light. 

[To  be  continued.} 


VII.  An  Examination  of  St  .  Pierre’s  Hypothejis  ref  petting 
\ the  Canfe  of  the  Tides ,  which ,  in  oppojition  to  the  received 
Theory ,  attributes  them  to  fuppofed  periodical  Effujions  of 
the  Polar  lees.  By  Samuel  Woods,  Ejq.  Read  before 
the  Afkejian  Society  November  3,  1799. 

1  HE  tides  are  two  periodical  motions  aftuating  the  ocean 
(called  the  flux  and  reflux,  or  ebb  and  flow),  which  fucceed 
.each  other  alternately  at  an  interval  of  about  fix  hours;  the 
period  of  a  flux  and  reflux  being,  upon  an  average,  12  hours 
34  minutes,  the  double  of  which,  24  hours  48  minutes,  cor- 
Tefponds  to  that  of  a1  lunar  day,  or  the  time  elapfing  between 
the  moon’s  palling  a  meridian  and  coming  to  it  again.  Thefe 
•alternate  elevations  and  depreffions  of  the  ocean  fo  exaftlv 
-correfpond  with  the  courfe  of  the  fun  and  moon,  as  to  time 
and  quantity,  that  the  influence  of  thofe  luminaries  has  in 
all  ages  been  confidered  as  the  caufe  of  their  produftion ; 
but  it  was  referved  for  modern  times  to  ascertain  the  princi¬ 
ple  of  their  laws,  and  to  calculate,  with  precifion,  the  effects 
produced  by  the  different  fituations  of  the  fun  and  moon,  and 
the  proportions  of  their  power.  This  principle  is  no  other 
than  gravitation.  It  is  evident  that,  if  the  earth  were  entirely 
fluid  and  quiefcent,  its  particles,  by  their  mutual  gravity, 
would  form  the  whole  mafs  into  a  perfect  fphere :  now,  if 
any  power  be  fuppofed  to  aft  011  all  the  particles  of  this  fphere 
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with  equal  force*  and  in  parallel  directions*  the  whole  mafs 
-would  be  moved  together  without  experiencing  any  altera  tion 
in  its  figure.  But  this  is  not  the  cafe  with  refpeCt  to  the  moon’s 
action  on  our  globe:  the  power  of  gravity  diniinifhes  as  the 
fquare  of  the  dillance  increafes,  and  therefore  the  waters 
(at  Z,  Plate  V.  fig.  1.)  on  the  fide  of  the  earth  (A,B,C,D) 
next  the  moon  (M),  are  more  attracted  by  the  moon  than  the 
central  parts  of  the  earth  (O)*  and  the  central  parts  more  at¬ 
tracted  than  the  waters  on  the  oppofite  fide  (at  n) ;  and  there¬ 
fore  the  diftance  between  the  earth’s  centre  and  the  waters 
on  its  furface  under  and  oppofite  to  the  moon  will  be  in- 
crealed.  For,  fuppofe  three  bodies  in  the  fame  line  (FI,0,D), 
if  they  are  ail  equally  attracted  by  any  power  (as  M),  they 
will  all  move  towards  it  with  equal  rapidity,  their  mutual 
diftances  continuing  the  fame;  but  if  the  attraction  of  this 
power  (M)  is  unequal,  the  body  moft  forcibly  attracted  will 
move  fafteft,  and  their  reciprocal  diftances  will  be  propor¬ 
tionally  increafed  :  thus,  the  power  of  gravitation  aCting  un¬ 
equally  on  the  three  bodies  (H,0,D),  the  diftance  of  the 
firft  (H)  from  the  fecond  (O),  and  of  the  fecond  from  the. 
third  (D),  will  be  increafed  in  proportion  to  the  difference 
of  the  gravitating  power  at  the  diftance  of  the  three  bodies 
(H*0,  D)  refpeCtively :  now,  fuppofe  a  number  of  bodies 
(A BCD)  placed  round  the  centre  (0)  fo  as  to  form  a  fluid 
ring,  unequally  attracted  by  fome  power  (M),  the  parts 
neareft  and  furtheft  (H  and  D)  from  this  power  will  have 
their  diftance  from  the  centre  (O)  increafed,  while  the  tides 
of  this  ring  (B  and  F),  being  nearly  equidiftant  from  the 
power  (M),.the  centre  (O)  will  not  recede,  hut  rather 
approach  the  centre  (O),  and  form  an  ellipfis  (nLIzN). 
To  apply  this  reafoning  to  the  cafe  under  confederation* 
while  the  earth,  by  its  gravity,  tends  toward  the  moon,  the 
water  direCtly  below  her  will  {well  and  rife  gradually;  the 
water  on  the  oppofite  fide  will  recede  from  the  centre  (or, 
more  properly,  the  centre  will  -advance),  and  rife,  or  appear  to 
rife,  while  the  water  at  the  fides  is  depreffed,  and  falls  below 
the  former  level :  hence,  as  the  earth  revolves  on  its  axis  from 
the  moon  to  the  moon  again  in  24  hours  50  minutes,  there  will 
be  two  tides  of  ebb  and  two  of  flood  in  that  period.  In  eon- 
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fequence  of  the  earth's  motion  on  her  axis,  the  mod  elevated 
part  of  the  water  is  carried  beyond  the  moon  in  the  direction 
of' the  rotation,  and  continues  to  rife  after  it  has  palled  di~ 
redtly  under  the  moon,  not  attaining  its.  greatelt  elevation  till 
it  has  got  about  half  a  quadrant  further.  It  continues  alfo  to 
defcend,  after  it  has  palled  a<  90  diftance  from  the  point  below 
the  moon,  to  a  like  diftance  of  about  half  a  quadrant;  and  there¬ 
fore  in  open  feas,  where  the  water  flows  freely,  the  time  of 
hio;h  water  does  not  exadtlv  coincide  with  the  time  of  the 
moon’s  coming  to  the  meridian,  but  is  fotne  time  after. 
Befides,  the  tides  do  not  always  anfwer  to  the  fame  diftance  of 
the  moon  from  the  meridian,  fince  they  are  varioufiy  afifedted 
by  the  fun’s  action,  which  brings  them  on  fooner  when  the 
moon  is  in  her  firft  and  third  quarters,  and  keeps  them  back 
later  when  ftie  is  in  her  fecond  and  fourth  :  becaufe,  in  the 
former  cafe,  the  tide  raifed  by  the  fun  alone  would  be  earlier 
than  the  tide  raifed  by  the- moon:  in  the  latter  cafe,  later. 

We  have  hitherto  confidered  the  moon  as  the  principal 
agent  in  producing  tides,  but  it  is  obvious  that  the  inequality 
of  the  fun’s  adtion  muft  produce  a  fimilar  effect;  fo  that,  in 
reality,  there  are  two  tides  every  natural  day  occafioned  by 
the  fun,  as  well  as  two  tides  every  lunar  day  occafioned  by 
the  moon,  and  fubjedt  to  the  fame  laws :  on  account,  how¬ 
ever,  of  the  fun’s  immenfe  diftance,  his  adtion  is  confider- 
ably  inferior  to  that  of  the  moon.  By  comparing  the  fpring 
and  neap  tides  at  the  mouth  of  the  Avon,  below  Briftol,  Sir 
Ifaac  Newton  calculates  the  proportion  of  the  moon’s  force 
to  the  fun’s  as  9  to  2  nearly.  Dr.  Horfley,  in  his  edition  of 
the  Principia,  eftimates  it  as  5,0469  to  1 ;  and,  confidering 
the  elevation  of  the  waters  by  this  force  as  an  eflfedfc  fimilar 
to  the  elevation  of  the  equatorial  above  the  polar  parts  of  the 
earth,  it  will  be  found  that  the  moon  is  capable  of  producing 
an  elevation  of  about  ten  feet,  the  fun  of  about  two  feet; 
which  correfponds  pretty  nearly  to  experience. 

In  order  to  underhand  the  caufe  of  fpring  and  neap  tides, 
we  muft  confider,  that  the  moon,  revolving  round  the  earth 
in  an  elliptic  orbit,  approaches  nearer  and  recedes  further 
from  it,  than  her  mean  diftance,  in  every  revolution  or  lunar 
month.  When  neareft,her  attraction  is  ft  rouge  ft,  and  vice 
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*Oerfa :  when  both  luminaries  are  in  the  equator,  and  the 
moon  in  perigeo,  the  tides  rife  high  eft,  particularly  at  oppo- 
fition  and  conjunction :  at  the  change,  when  the  attractive 
forces  of  the  fun  and  moon  are  combined,  the  tide  is  raifed 
to  a  greater  height :  at  the  full,  when  the  moon  raifes  the 
tide  under  and  oppolite  to  her,  the  fun,  ailing  in  the  fame 
line,  raifes  the  tides  under  and  oppofite  to  him,  whence  their 
conjunct  effect  is  the  fame  as  at  the  change,  and  in  both  cafes 
occafions  what  we  call  fpring  tides :  but  at  the  quarters,  the 
fun’s  action  diminifties  the  effect  of  the  moon’s  action,  fo 
that  they  rife  a  little  under  and  oppofite  the  fun,  and  fall  as 
much  under  and  oppofite  the  moon,  thefe  two  luminaries 
acting  obliquely  on  each  other,  and  producing  what  is  called 
neap  tides  *. 

Tlie  fpring  tides,  however,  do  not  happen  precifely  at  the 
full  and  change  of  the  moon,  nor  the  neap  tides  at  the  quar¬ 
ters,  but  about  two  days  later.  In  this,  as  in  many  other 
cafes,  the  effects  are  not  greateft,  or  lerft,  when  the  imme¬ 
diate  influence  of  the  caufe  is  greateft  or  leaft :  as,  for  in- 
fiance,  the  greateft  heat  of  fummer  is  not  at  the  time  of  the 
folftice,  but  fome  weeks  after;  and  if  the  actions  of  the  fun 
and  moon  (hould  be  fuddenly  fufpended,  the  tides  would  con¬ 
tinue  for  fome  time  in  their  ufual  courfe.  The  variations  of 
the  moon’s  di fiance  from  the  earth  produce  a  lenfible  dif¬ 
ference  in  the  tides.  When  the  moon  approaches  the  earth, 
her  action  on  every  part  increafes,  and  the  differences  of  her 
action  increafe  in  a  higher  proportion  as  the  moon’s  diftances 
decreafe.  According  to  Sir  Ifaac  Newton,  the  tides  increafe 
as  the  cubes  of  the  diftances  decreafe ;  fo  that  the  moon,  at 
half  her  diftance,  would  produce  tides  eight  times  as  great. 
The  fun  being  nearer  the  earth  in  winter  than  in  fummer, 
the  fpring  tides  are  higheft,  and  the  neap  tides  loweft,  about 
the  time  of  the  equinoxes,  a  little  after  the  autumnal  and 
before  the  vernal ;  and,  on  the  contrary,  the  fpring  tides 
loweft  and  the  neap  tides  higheft  at  the  folftices,  when  the 

*  In  Fig,  2.  Plate  V.  HZ  ON  reprefents  the  earth;  ABCD  the 
moon’s  orbit.  At  the  full  and  change,  the  fun  and  moon  a6i  in  the  fame 
line  S  P  :  at  the  quarters, the  fun’s  influence  in  the  line  S  OH  counteracts 
that  of  the  moon  ating  in  the  direction  MZN,  and  produces  neap  tides. 
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fan  is  moft  diftant  from  the  equator.  When  the  moon  is 
in  the  equator,  the  tides  are  equally  high  in  both  parts  of  the 
lunar  day ;  but  as  the  moon  declines  towards  either  pole,  the 
tides  are  alternately  higher  and  lower  at  places  having  north 
or  fouth  latitude :  while  the  fun  is  in  the  northern  figns,  the 
greater  of  the  two  diurnal  tides  in  our  climates  is  that  arifing 
from  the  moon  above  the  horizon  :  when  the  fun  is  in  the 
fouthern  figns,  the  greateft  is  that  arifing  from  the  moon 
below  the  horizon.  Thus  the  evening*  tides  in  fummer  are 

O 

obferved  to  exceed  the  mornino*  tides,  and  in  winter  the 
mornino*  tides  exceed  the  evening*  tides :  the  difference  at 

to  to 

Briftol  is  found  to  be  13  inches,  at  Plymouth  ig.  It  would 
be  ftill  greater,  but  that  a  fluid  always  retains  an  imprefled 
motion  for  fome  time,  and  confequently  the  preceding  tides 
always  affedt  thofe  that  follow. 

If  the  earth  were  covered  all  over' with  the  fea  to  a  great 
depth,  the  tides  would  be  regularly  fubfervient  to  thefe  laws  5 
but  various  caufes  combine  to  produce  a  great  diverfity  of 
eftedf,  according  to  the  peculiar  fituation  and  circumftances 
of  places,  fhoals,  fords,  and  ftraits :  thus,  a  flow  and  imper¬ 
ceptible  motion  of  a  large  body  of  water,  fuppofe  two  miles 
deep,  will  be  fufficient  to  elevate  its  furface  ten  or  twelve  feet 
in  a  tide’s  time ;  whereas,  if  the  fame  quantity  of  water  is 
forced  through  a  narrow  channel  forty  or  fifty  fathoms  deep* 
it  produces  a  very  rapid  ftream,  and  of  courfe  the  tide  is  found 
to  fet  ftrongeft  in  thofe  places  where  the  fea  grows  narrowed, 
the  fame  quantity  of  water  being  conftrained  to  pafs  through 
a  fmaller  paftage,  as  in  the  ftraits  between  Portland  and  Cape 
la  Hogue  in  Normandy ;  and  it  would  be  ftill  more  fo  be¬ 
tween  Dover  and  Calais,  if  the  tide  coming;  round  the  ifland 
did  not  check  it. 

The  flfoalnefs  of  the  fea  and  the  intereurrent  continents 
are  the  reafons  why  the  tides  in  the  open  ocean  rife  but  to 
very  inconfiderable  heights,  when  compared  to  what  they  do 
in  wide-mouthed  rivers  opening  in  the  direction  of  the  ftream 
of  the  tide ;  and  that  high  water  is  fome  hours  after  the 
moon’s  appulfe  to  the  meridian,  as  it  is  obferved  upon  all 
the  weftern  coaft  of  Europe  and  Africa  from  Ireland  to  the 
Cape  of  Good  Hope  ;  in  all  which  a  fouth-weft  moon  makes 
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high  water;  and  the  fame  is  faid  to  be  the  cafe  on  the  weftern 
coaft  of  America  :  fo  that  tides  happen  to  different  places  at 
All  diftances  of  the  moon  from  the  meridian;,  and  confe- 
quentlv  at  all  hours  of  the  day. 

To  allow  the  tides  their  full  motion,  the  fpace  in  which 
they  are  produced  ought  to  extend  from  eaft  to  weft  90°  at 
leaft ;  fuch  being  the  diftance  between  the  places  mod  raifed 
and  depreffed.  by  the  moon’s  influence.  Hence  it  appears 
that  fuch  tides  can  only  be  produced  in  large  oceans,  and 
why  thofe  of  the  Pacific  exceed  thofe  of  the  Atlantic  ocean  : 
hence  alfo  it  is  obvious  why  the  tides  in  the  torrid  zone  be- 
tween  Africa  and  America,  where  the  ocean  is  narrower,  are 
exceeded  by  thofe  of  the  temperate  zones  on  either  fide  :  and 
hence  we  may  comprehend  why  the  tides  are  fo  fmall  in 
Hands  at  a  great  diftance  from  the  fhores,  fince  the  water 
cannot  rife  on  one  fhore  without  defcending  on  the  other : 
fo  that  at  the  intermediate  iftands  it  muft  continue  at  a  mean 
height  between  its  elevations  on  thofe  {bores. 

The  tide  produced  on  the  weftern  coaft  of  Europe  corre- 
fponds  to  this  theory.  Thus,  it  is  high  water  on  the  weftern 
coafts  of  Ireland,  Spain,  and  Portugal,  about  the  third  hour 
after  the  moon  has  paft'ed  the  meridian  ;  from  thence  it  flows 
into  the  adjacent  channels,  as  it  finds  the  eafieft  paftage.  One 
current,  for  example,  runs  up  by  the  fouth  of  England,  and 
another  by  the  north  of  Scotland  ;  taking  confiderable  time 
to  move  all  this  way,  and  occafioning  high  water  fooner  in 
the  places  at  which  it  firft  arrives,  and  begins  to  fail  at  thefe 
places  while  the  current  is  proceeding  to  others  further  di- 
ftant  in  its  eourfe.  On  its  return  it  is  unable  to  raife  a  tide, 
becaufe  the  water  runs  fafter  off  than  it  returns,  till,  by  the 
piopagation  of  a  new  tide  from  the  ocean,  the  current  is  ftopt, 
and  begins  to  rife  again.  The  tide  propagated  by  the  moon 
in  the  German  oc^an,  when  fhe  is  three  hours  paft  the  me¬ 
ridian,  takes  twelve  hours  to  come  from  thence  to  London 
bridge;  fo  that,  when  it  is  high  water  there,  a  new  tide  has 
already  attained  its  height  in  the  ocean,  and  in  fome  inter¬ 
mediate  place  it  muft  be  low  wafer  at  the  fame  time.  When 
the  tide  runs  over  fhbals,  and  flows  upon  flat  fhores,  the  water 
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is  elevated  to  a  greater  height  than  in  open  and  deep  oceans 
that  have  deep  banks,  becaufe  the  force  of  its  motion  is  not 
broken  upon  level  {hares  till  the  water  has  attained  a  greater 
height.  If  a  place  communicates  with  two  oceans,  or  by 
two  different  openings  with  the  fame  ocean,  one  of  which 
affords  an  eafier  and  readier  paffage  than  the  other,  two  tides 
may  arrive  at  this  place  in  different  times,  which,  interfering 
together,  may  produce  a  great  variety  of  phenomena. 

At  feveral  places  it  is  high  water  three  hours  before  the 
moon  comes  to  the  meridian  3  but  that  tide  which  the  moon 
drives,  as  it  were,  before  her,  is  only  the  tide  oppofite  to  that 
produced  by  her  when  nine  hours  pad  the  oppofite  meridian. 

It  would  be  tedious  to  enumerate  all  the  particular  folutions 
eafily  Reducible  from  thefe  doftrines  :  as,  why  lakes  and  feas, 
fuch  as  the  Cafpian  and  the  Mediterranean,  the  Euxine  and 
the  Baltic,  have  little  or  no  fenfible  tides ;  fince,  having  no 
communication,  or  being  connefted  by  very  narrow  inlets 
with  the  great  ocean,  they  cannot  receive  or  difcharge  water 
fufficient  to  alter  their  furface  fenfibly.  In  general,  when 
the  time  of  high  water  at  any  place  is  mentioned,  it  is  to  be 
underdood  on  the  days  of  new  and  full  moon :  the  times  of 
high  water  in  any  place  fall  at  nearly  the  fame  hours  after  a 
period  of  about  fifteen  days,  or  between  one  fpring  tide  and 
another. 

This  theory,  however,  is  not  without  objections  and  diffi^ 
culties;  which  has  encouraged  a  Frenchman  of  fome  emi¬ 
nence,  St.  Pierre,  to  frame  a  new  and  fingular  hypothcfis, 
afcribing  all  the  phenomena  of  the  tides  to  the  periodical 
effufions  of  the  polar  ices.  I  dial!  fird  mention  the  mod 
material  fafts  and  confiderations  which  appear  to  militate 
againd  the  common  theory,  as  dated  by  St.  Pierre;  and  I 
fhall  then  endeavour  to  explain  the  theory  he  has  fubdituted 
(which  it  has  cod  me  fome  pains  to  colleft,  ab draft,  and 
arrange),  as  nearly  as  poffible  in  a  literal  tranflatiop  of  his 
own  language. 

ITisfaici  that,  if  the  moon  afted  by  her  attraftion,  her  in¬ 
fluence  mud  extend  to  the  Mediterranean,  the  Baltic,  the  Caf- 
9  v  plan. 
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pian,  and  the  vail  lakes  of  North  America,  in  fome  degree 
at  lead: ;  but  all  thefe  have  no  fenfible  tides  *\  This  tran¬ 
quillity  renders  her  attraction  liable  to  fufpicion ;  and  we 
{hall,  perhaps,  find  that  the  greateft  part  of  the  tides  in  the 
ocean  have  nothing  more  than  an  apparent  relation  either  tq 
her  influence  or  her  courfe. 

1  he  phafes  of  the  moon  do  not  correfpond  all  over  the 
globe  with  the  movements  of  the  feas.  On  cur  coafts  the  flux 
and  reflux  follow  the  moon  rather  than  her  real  motion  :  in 
Various  places  they  are  lubjedt  to  different  laws,  which  obliged 
Newton  to  admit  (chap.  25*)  ct  that  in  the  periodical  return 
of  the  tides  there  muff:  be  iome  other  mixed  caufe,  hitherto 
undifcovered.” 

The  currents  and  tides  in  the  vicinity  of  the  polar  circle 
come  from  the  pole,  as  appears  from  the  teftimony  of  Fred, 
Martens,  who  afferts,  that  the  currents  amidft  the  ices  fet  in 
towards  the  fouth ;  but  adds,  that  he  can  ftate  nothing  with 
certainty  refpe&ing  the  flux  and  reflux  of  the  tides. — Voyage 
towards  the  North  Pole ,  1671. 

Henry  Ellis  obferved  that  the  tides  in  Hudfon’s  bay  came 
from  the  north,  and  were  accelerated  as  the  latitude  increafed. 
It  is  impoflible  thefe  tides  fliould  come  from  the  line  or  the 
Atlantic.  He  afcribes  them  to  a  pretended  communication 
with  the  South  fea.  At  Waigat’s  (traits  thefe  north  tides  run 
at  the  rate  of  eight  or  ten  leagues  an  hour.  He  compares 
them  to  the  fluice  of  a  mill. — Voyage  to  Hudfon’s  Bay ,  1746. 

Linfeotten,  in  1594,  made  nearly  the  fame  remarks,  and 
obferves  that  in  Waigat’s  ftraits  the  water  was  only  brackifli. 
He  fays  the  tides  come  from  the  eaft  with  great  velocity, 
bringing  with  them  large  iflands  of  ice. 

W.  Barents  (j 595)  confirms  this  account. 

All  thefe  effedts  can  be  produced  by  nothing  elfe  than 
the  effuflon  of  ices  furrounding  the  pole.  Thefe  ices,  which 
melt  and  flow  with  fuch  rapidity  in  the  northern  parts  of 
America  and  Europe  about  the  months  of  July  and  Auguft, 

*  The  Cafpian  fea  is  about  860  miles  long,  and,  in  one  place,  260 
miles  broad  :  there  are  ftrong  currents,  but  no  tides. 

There  is  no  regular  flux  and  reflux  in  the  Baltic. 

In  fome  particular  fpots  of  the  Mediterranean  there  is  a  fmall  tide. 

greatly 


jyz  ’Examination  of  St.  Pierre's  Hypothecs 

greatly  contribute  to  our  high  equinoctial  tides ;  and  when 
thefe  effu  lions  ceafe  in  October,  our  tides  begin  to  di  mi  nidi. 

If  the  tides  depended  on  the  adtion  of  the  fun  and  moon 
on  the  equator ?  they  ought  ter  be  much  more  cond durable 
towards  the  focus  of  their  movements  than  any  where  elfe. 
But  this  is  contrary  to  fadt  (Dampier  fays).  From  Cape 
Blanc,  from  the  third  t0  3  o'1  fouth  lat.  the  flux  and  reflux  of 
the  fea  does  not  exceed  two  feet.  The  tides  in  the  Eaft 
Indies'  rife  not  above  a  foot  r  near  the  poles  they  rife  20  or 
25  feet. 

In  the  road  of  the  ifland  Maflafuero  {yy  jfi  fouth  lat. 
So°  S37  weft  long.)  the  fea  runs  twelve  hours  north,  and  then 
Sows  back  twelve  hours  fouth  :  its  tides,  therefore,  run  to¬ 
wards  the  line.  —  Byron,  April  f 7 65 . 

At  Engdifh  Creek,  on  the  eoaft  of  New  Britain  f°  fouth 
lat.  1530  weft  long.)  the  tide  has  a  flux  and  reflux  once  in 
34  hours. — Carteret, .  Aug.  1767. 

At  the  Bay  of  Ides,  in  New  Zealand  (350  fouth  lat.);  the 
tides  fet  in  from  the  fouth. — C-aok,  Dec.  1769. 

At  Endeavour  River,  in  New  Holland,  neither  the  flood 
nor  ebb  tides  were  conftderable,  excepting  once  in  24  hours. 
—Jane,  17  7  a. 

At  Chriftmas  Harbour,  in  Kerguelen’s'  Land,  the  flood 
came  from  the  fouth-eaft,  running  two  knots  an  hour. — - 
'Cook,  Dec.  177b.  It  appears  to  have  been  regular  and  di¬ 
urnal,  i.  e.  a  tide  of  twelve  hours.  The  tide,  rifes  and  falls 
about  four  feet. 

At  Otaheite  the  tides  feldom  rife  more  than  twelve  or  four¬ 
teen  inches  ;  and  it  is  high  water  neatly  at  noon,  as  well  at  the 
quarters  as  at  the  full  and  change  of  the  moon. — Cook ,  Dec. 
1777.  it  is  evident,  from  a  table  of  thefe  tides  for  26  davs, 
that  there  was  but  one  tide  a  day;  and  this,  during  the  whole 
time,  was  at  its  mean  height  between  and  1.  Thefe  tides, 
therefore,  can  have  no  relation  to  the  p.hafes  of  the  moon. 

Let  us  now  take  a  curfo ry  view  of  the  e debts  produced  by 
the  tides  in  the  northern  part  of  the  South  fea.  At  the  en¬ 
trance  of  Nootka  it  is  high  water,  on  the  days  of  new  and  full 
moon,  at  twenty  minutes  paft  twelve  :  the  perpendicular  rife 
and  fall  eight  feet  nine  inches;  which  is  to  be  underftood  of 

the 
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the  day  tides,  and  thofe  which  happen  two  or  three  days  after 
the  full  and  change.  The  night  tides  rife  nearly  two  feel; 
higher. — Cook ,  April  1778.  Thefe  femidiurnal  tides  differ 
from  ours  in  taking  place  at  the  fame-hour, and  exhibiting  no 
ienfible  rile  till  the  lecond  or  third  day  after  the  full  moon: 
all  which  is  perfectly  inexplicable  on  the  lunar  hypothefis. 

1  hefe  northern  tides  of  the  South  fea,  remarked  in  April, 
become,  in  higher  latitudes,  ft  ranger  in  May,  and  hill  ft  ranger 
in  June 4  which  cannot  be  referred  to  the  moon’s  courfe  them 
palling  into  the  fou  them  hemifphere,  but  mu  ft  be  aferibed 
to  the  fun’s  courfe  paffitig  into  the  northern  hemifphere,  and 
proceeding,  as  its  heat  increafes,  to  fufe  the  ices  of  the  north 
pole:  be  Tides,  the  direction  of  thefe  northern  tides  towards 
the  line  eonftitutes  a  complete  confirmation  that  they  derive 
their  origin  from  the  pole. 

At  the  entrance  of  Cook’s  River  there  was  a  flron.o'  tide 

o 

felting  out  of  the  inlet  at  the  rate  of  three  or  four  knots  an 
hour  :  higher  up  in  the  inlet,  at  a  place  four  leagues  broad, 
the  tide  ran  with  prodigious  violence  at  the  rate  of  five  knots 
an  hour.  Here  the  marks  of  a  river  difplayed  thernfel v,es5 
the  water  proving  confnderably  frefher. — Cook ,  May  1778. 

What  Cook  calls  a  river,  is  nothing  hut  a  real  northern 
Huice,  through  which  the  polar  effuftons  are  difeharged  into 
the  ocean,  Middleton  ( Voyage  to  Hudfon’s  Bay ,  1741  and 
1742)  found,  between  lat.  6f  and  66°,  a  conftderable  in Iqjt 
running  weft,  which  he  calls  Wager’s  River;  and,  after 
repeated  trials  of  the  tides  for  three  weeks,  found,  the  flood 
conftantly  coming  from  the  eaft.  This  is  another  of  the 
northern  Unices. 

In  Karakakooa  Bay,  Sandwich  Iflands,  the  tides  are  very- 
regular,  ebbing  and  flowing  fix  hours  each  alternately. — - 
Clerke ,  March  1779. 

At  the  town  of  St.  Peter  and  Paul,  in  Kamfcliatka,  the 
tides  are  very  regular  every  twelve  hours. — Clerke ,  OSi.  1779. 

Mr.  Wales  (/ ntroduStion  to  CooCs  lajl  Voyage )  acknow¬ 
ledges  that  the  tides  obferved  in  the  middle  of  the  great 
Pacific  ocean  fall  fhort  full  two-thirds  of  what  might  have 
been  expedled  from  calculation. 

The  courfe  of  the  tides  towards  the  equator  in  the  .South 

lea  ; 
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lea ;  their  retardations  and  accelerations  on  thefe  fhorps  * 
their  directions,  fometimes  eaftward,  fometimes  weftward, 
according  to  the  nfonfoons;  finally,  their  elevation,  which 
increafes  in  proportion  as  we  approach  the  poles,  and  di- 
minifhes  in  proportion  to  the  diftances  from  it,  even  between 
the  tropics,  demon  ftrate  that  their  focus  is  not  under  the 
line.  The  caufe  of  their  motions  depends  not  on  the  attrac¬ 
tion  or  preffure  of  the  fun  and  moon  on  that  part  of  the 
ocean,  for  their  forces  would  undoubtedly  aCt  there  with  the 
greateft  energy,  and  in  periods  as  regular  as  the  courfe  of  the 
two  luminaries. 

Why,  then,  are  the  tides  between  the  tropics  fo  feeble 
and  fo  much'  retarded  under  the  direCt  influence  of  the 
moon  ? 

Why  does  the  moon,  by  her  attraction,  give  us  two  tides 
every  24  hours  in  the  Atlantic  ocean,  and  produce  only  one 
in  many  parts  of  the  South  fea,  which  is  incomparably 
broader  ?  , 

Why  do  the  tides  take  place  there  conftantly  at  the  fame 
hours,  and  rife  to  a  regular  height  almoft  all  the  year  round  ? 

Why  do  fome  rife  at  the  quarters  juft  the  fame  as  at  the 
full  and  change  ? 

Why  are  they  always  ftronger  as  you  approach  the  poles, 
and  frequently  fet  in  toward  the  line,  contrary  to  the  principle 
of  lunar  impulfion  ? 

Thefe  problems,  which  it  is  impoflible  to  explain  by  the 
lunar  theory,  admit  an  eafy  folution  on  the  hypothefis  of  the 
alternate  fufion  of  the  polar  ices. - 

Such  are  the  moft  material  objections  adduced  to  invali¬ 
date  the  lunar  theory.  How  far  they  are  conclufive,  fhall 
be  left  to  future  inveftigation. 

But  St.  Pierre  is  not  content  with  demolifliing  the  old 
ftru&ure;  he  has  judged  proper  to  ereCl  a  new  one;  and  a 
fair  expofttion  of  this  fyftem  will  enable  us  to  determine,  by 
comparifon,  to  which  we  fhall  give  our  fuffrage. 

It  is  well  known  that  Sir  Ifaac  Newton  and  Caffini  differed 
in  their  opinion  refpeCting  the  figure  of  the  earth  :  the  former 
conceiving  it  to  be  an  oblate  fpheroid,  flattened  at  the  poles ; 
the  latter  contending  it  muft  be  oblong,  or  elongated  at  the 
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poles.  To  afeertain  this  point,  fome  of  the  moil  celebrated 
mathematicians  of  Europe  were  appointed  to  determine,  by 
actual  measurement,  the  length  of  a  decree  both  at  the  equator 
and  at  the  pole.  They  found  that  the  polar  decrees  exceeded 
the  equatorial,  and  concluded  they  muft  confequently  be  parts 
of  a  larger  circle,  and,  of  courfe,  that  the  earth  was  flattened 
at  the  poles.  This  was  univerfallv  confidered  as  decifivfc  of 
the  queftion,  till  the  genius  of  our  Frenchman  detected  a  rrofs 
and  palpable  error  in  the  calculation,  which  had  efcaped  their 
accurate  knowledge  and  penetration  :  but,  as  the  elongation 
of  the  poles  conflitutes  a  leading  feature  in  the  new  theorv, 
I  (hall  give  it  a  more  detailed  examination. 

This  polar  elongation,  as  he  conceives,  is  fupported  by 
four  direct  and  politive  proofs  : — the  firft  geometrical,  upon, 
which  he  lays  the  greateit  ftrefs,  and  upon  which  he  has 
flaked  his  reputation  :  the  2d,  atmofpherical ;  the  3d,  nau¬ 
tical  ;  the  4th,  agronomical :  of  all  which  in  order. 

The  ift,  or  geometrical  proof,  is  what  he  calls  a  demon- 
ftration  founded  on  the  meafurement  of  the  earth,  and 
admitting  the  polar  degrees  to  exceed  fhe  equatorial :  here 
follows  the  demonitration  :  If  vou  place  a  degree  of  the 
meridian  at  the  polar  circle  on  a  degree  of  the  fame  meridian, 
at  the  equator,  the  firit  degree,  which  meafures  57,4 zz 
fathoms,  will  exceed  the  2d,  which  is  56.748'  fathoms,  by 
674;  confequently,  if  you  apply  the  arc  of  the  meridian 
contained  within  the  polar  circle,  being  47°^  to  an  arc  of 
470  the  fame  meridian  at  the  equator,  it  would  produce 
a  conflderable  protuberance,  its  degrees  being;  greater. 

To  render  this  more  apparent,  let  us  always  fuppofe 
that  the  profile  of  the  earth,  at  the  pbles,  is  an  arc  of  a 
circle  containing  470;  is  it  not  evident,  if  you  trace  a  curve 
cn  the  infide  of  this  arc.  as  the  academicians  do  when  they 
flatten  the  earth  at  the  poles,  that  it  muft  be  fmaller  than 
the  arc  within  which  it  is  deferibed,  being-  contained  in  it  ? 
And  the  more  this  curve  is  flattened  the  fmaller  it  becomes. 
Of  conlequence,  the  470  of  this  entire  curve  will  be  indi¬ 
vidually  fmaller  than  the  470  of  the  containing  arc.  But  as 
the  degrees  of  the  polar  curve  exceed  thofe  of  the  arc  of  a 
circle,  it  muft  follow  that  the  whole  curve  is  of  greater  extent 
\ql,  \III»  li  thaa 
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than  the  arc  of  a  circle*  now  to  be  of  greater  extent  it  mu  ft 
be  more  protuberant  :  the  polar  curve,  of  coofequence,  forms 
a  lengthened  el'Jipfis.  Qh  E.  Di.* 

It  mu  ft  be  acknowledged  that  this  demon  ftration  is  very 
perfpicuous  and  convincing.  How  the  moft  celebrated  aca¬ 
demicians  and  mathematicians,  for  nearly  half  a  century, 
could  have  overlooked  a  proportion  fo  plain  and  fimple,  can 
only  be  afcribed,  in  the  opinion  of  St.  Pierre,  to  their  ob¬ 
it  mate  and  inveterate  prejudices.  He  purfues  his  victory  in  a 
ftrain  of  vain  and  indecent  exultation,  which  would  difhonour 
a  more  refpedtable  caufe;  but,  perhaps,  a  little  attention  will 
induce  us  to  doubt  at  lead  whether  the  charge  of  grofs  igno¬ 
rance  may  not,  with  juftice,  be  retorted  on  their  accufer. 

It  would  have  been  indeed  extraordinary,  if  men  of  fci- 
ence  had  been  abfurd  enough  to  imagine  that  a  larger  are 
might  be  included  in  a  lefs ;  but  they  might  fuppofe,  with 
propriety  and  juftice,  that  the  fmaller  arc  of  a  larger  circle 
can  be  included  in  the  larger  arc  of  a  fmaller  circle,  which, 
in  the  prefent  inftance,  appears  to  be  the  cafe.  In  meafuring 
a  degree  on  the  meridian,  a  certain  fpot  is  fixed  upon,  where 
the  elevation  of  the  polar  ftar  is  taken  by  a  quadrant  ;  from 
this  fpot  they  proceed  in  a  direct  line  north,  till  the  quadrant 
indicates  an  additional  elevation  of  one  degree.  In  propor¬ 
tion  as  this  degree  conftitutes  a  part  of  a  larger  or  fmaller 

*  Let  x,  Fig.  3.  Plate  V*.  be  the  unknown  arc  of  the  meridian, 
comprehended  above  the  ardftic  circle  ABC}  and  let  DEF  be  the  ate 
of  the  fame  meridian,  Comprehended  between  the  tropics }  thefe  two  arcs 
are  each  470.  According  to  our  aftionomers,  a  degree  at  the  polar  circle 
,is  greater  by  674  fathoms  than  a  degree  of  the  fame  meridian  near  the 
■equator;  the  arc  x  therefore  exceeds,  in  extent,  the  arc  DEF  by 
674X47,  or  31.678  fathoms  —  12.3.  leagues.  The  queflion  to  be  deter¬ 
mined  is,  whether  this  unknown  polar  arc  x  is  contained  within  the 
circle  in  the  curve  A  AC,  or  coincides  with  it,  as  A  B  C,  or  falls  without 
its  circumference,  as  A  x  C.  The  arc  x  cannot  be  contained  within 
the  circle,'  as  A  b  C,  for  it  Would  then  be  evidently  fmaller  than  the  arc 
ABC  ;  and  the  more  this  curve  AAC  is  flattened,  the  id's  will  be 
its  extent,  as  it  will  approach  nearer  and  nearer  to  the  ftraight  line  A  C  ; 
neither  can  it  coincide  with  the  arc  ABC,  for  it  exceeds  it  i2|  leagues. 
It  mu  ft  belong,  therefore,  to  a  curve  falling  without  the  circle,  as  A.rC. 
The  globe  of  the  earth,  therefore,  is  lengthened  at  the  poles,  fine© 
degrees  of  the  meridian  are  greater  there  than  at  the  equator. 

circle. 


refpe&ing  the  Cavfe  of  the  Tides.  147 

circle,  a.  greater  or  lefs  portion  of  ground  will  be  pafted  over 
before  the  delired  elevation  is  obferved  ;  and  the  meafure- 
ment  of  this  ground  unequivocally  decides  whether  this 
degree  is  part  of  a  larger  or  fmaller  circle.  In  this  cafe  the 
meafurement  is  admitted,  but  the  conclufion  denied.  St. 
Pierre  feems  to  have  fuppofed,  that  the  academicians  di¬ 
vided  the  polar  arc  into  47  parts,  and  then  meafured  one  of 
thefe  parts  :  a  thing  impracticable  and  ridiculous.  The  fact 
is,  that  the  polar  arc,  which,  if  the  earth  were  a  perfeCt 
fphere,  would  contain  47°,  does  not  actually  contain  fo 
many,  but  perhaps  about  46°  of  a  larger  circle ;  and  if  the 
polar  degrees  are  parts  of  a  larger  circle,  as  they  certainly 
are,  it  is  demonftrably  evident  that  the  real  arc  mu  ft  be 
contained  within  the  fpherical  arc^  and,  coiifequently,  thajf 
the  earth  is  fattened  at  the  poles  *. 

[To  be  continued.^ 

'  Let  the  circle  A  B  C  D,  Fig.  4.  represent  the  earth  as  a  fphere,  and  let 
P  repretent  the  polar  ftar,  having  no  fenfible  parallax.  Draw  the  diameter 
BD,  prolonging  it  to  P  ;  draw  the  tranfverfe  diameter  C  A,  the  tangent 
A  P,  and  the  line  F  P,  parallel  to  AP  ;  bifeft  the  quadrant  A  D  equally 
at  F  ;  draw  the  tangent  K.  L  perpendicular  to  the  radius  G  F,  and  with 
the  radius  BP'  defcribe  the  circle  E  O  M  N,  and  let  the  fegment  HEF 
reprelent  the  earth  flattened  at  the  pole;  draw  the  tangent  S  R  to  the 
circle  E  O  M  N,  perpendicular  to  the  radius  B  F.  An  obferver  at  A  will 
perceive  the  polar  ftar  P  in  the  horizon  3  an  obferver  at  D  or  E  will  per¬ 
ceive  it  in  the  zenith,  or  at  an  elevation  of  900.  If  the  earth  be  a  fphere, 
tile  tangent  K  L  will  be  the  horizon  to  an  oblerver  at  F,  and  the  angle  of 
elevation  P  F  K  is,  by  conftruftion,  450  ;  but  if  the  earth  is  not  a  fphere, 
but  flattened  towards  the  pole,  as  in  the  fegment  HEF,  the  tangent  S  R 
will  be  the  horizon  to  an  oblerver  at  F,  and  of  courfe  the  angle  P  F  S  will 
be  the  angle  of  elevation.  Now,  the  angle  EGF  is  by  conltruetion  450, 
confcqucntly,  the  <  FGB  135°?  and  the  ang'cs  G  B  F  and  G  F  B  each 
2z°  30'.  Draw  the  dotted  line  EF-  Now  the  triangle  BEF  is  an  ifofceles 
triangle,  and  the  angle  GB  F  being  found  =  zz°  30b  it  follows  that  thq 
angles  BEF  2nd  B  FE  are  each  70°.  45 7,  and  the  <  S  F  B  being  a  right 
angle,  the  <  SFE  is  900  —  7S0  45*  —  1  iQ  13'.  At  E  draw  the  tangent 
T  V,  and,  for  the  fame  reafon,  the  <  VE  F  =  1 1°  15';  and  confequently 
the  <  EurF  =  157®  30',  and  the  <  VxF  =  zz°  30'.  Now  the  <  FZE 
is  a  right  angle,  therefore  the*angle  P  F  S  =  1800  —  90°  —  22°  30',  or 
67°  30'.  T  he  difference,  therefore,  between  the  elevation  at  E  and  at  F 
will  he  90°  —  67,30=  220  30',  but  the  difference  between  the  elevation 
at  F  and  D  will  be  430;  whence  it  is  evident  that  a  larger  meaftuement 
of  ground  will  be  included  in  a  degree  in  proportion  as  HEF  is  the  feg- 
TOeiit  of  a  larger  or  fmaller  circle. 

u.» 
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VIIL  Account  of  a  new  Operation  lately  performed  with  Sue* 
cefs  in  France ,  for  reftoring  Sight  in  certain  Cafes  oj 
Blindnefs .  By  C .  D  e  m  o  u  h  s . 

C_>.  DEMOURS,  who  performed  this  new  and  inge¬ 
nious  operation,  prefen  ted  a  memoir  on  the  fubjedfc  to  the 
National  Inftitute,  which  was  read  on  the  15th  of  June  lad. 
From  this  memoir  the  prefent  account  has  been  extracted. 

'  The  eye  is  a  ball  or  globe  filled  with  different  tranfparent 
humours,  which  are  contained  in  feveral  membranes.  The 
outermoft  of  thefe  membranes  is  called  the  cornea;  it  is 
tranfparent,  and  placed  before  the  iris,  which  is  the  coloured 
part  of  the  eye,  and  which  itfelf  forms  a  fecond  membrane; 
but  the  latter  is  not  tranfparent,  and  would  prevent  the  rays 
of  light  from  penetrating  to  the  hind  part  of  the  globe  of 
the  eye,  were  it  not  pierced  with  a  round  hole,  called  the 
pupil.,  A  little  beyond  this  hole  is  the  cryftalline  humour, 
foiming  a  kind  of  lens,  through  .which  the  rays  of  light  are 
obliged  to  pafs  ;  and  by  means  of  which  they  form  diftindt 
images  on  the  retina  at  the  bottom  of  the  eve.  The  humour 
contained  in  the  infide  of  the  globe  is  called  the  vitreous  hu¬ 
mour;  it  is  perfectly  tranfparent,  as  is  alfo  the  aqueous  hu¬ 
mour,  which  is  placed  between  the  tranfparent  cornea  and  the 
cryftalline. 

C.  Sauvages,  on  whom  C.  Demours  performed  the  opera¬ 
tion  which  is  the  fubjedt  of  this  article,  had  fo*  feveral 
years  an  abfeefs  in  the  cornea,  in  confequence  of  which  the 
aqueous  humour  was  entirely  wafted,  and  the  tranfparent 
part  of  the  cornea  had  become  totally  white  and  opake  in 
the  right  eve,  and  for  about  four-fifths  in  the  left  eve.  This 
eye  is  reprefeoted  in  the  annexed  engraving  (Plate  V. 
fig.  5).  The  tranfparent  cornea,  C,  fuffers  to  be  feen  to¬ 
wards  the  upper  part  but  a  fmall  portion  of  the  iris.  The 
white  foot  covers  entirely  the  round  hole  or  pupil,  which 
exifts  in  the  centre  of  the  iris,  and  through  which  alone  the 
rays  of  light  can  pafs. 

C.  Demours,  taking  advantage  of  the  tranfparency  which 
ftill  ex  1  (led  towards  the  upper  part  of  the  cornea,  made  there 
a  fmall  aperture,  denoted  by  the  letter  A ;  and  having  in¬ 
troduced 
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troduced  into  that  aperture  a  delicate  pair  of  fcifiars,  made 
a  tmall  hole  in  the  iris,  of  the  fize  of  a  feed  of  forrel,  indi¬ 
cated  in  the  engraving  by  the  letter  D. 

Through  this  hole,  made  in  a  non-tranfparent  mem¬ 
brane,  the  rays  of  light  now  enter,  and  form  images  on  the 
retina  at  the  bottom  of  the  eye.  It  is,  therefore,  an  artificial 
pupil  which  fupplies  the  place  of  that  covered  by  the  white 
fpot  of  the  cornea.  But  as  behind  this  new  pupil  there  is 
no  cryftalline  humour  to  collect  the  rays  with  fufficient 
accuracy  on  the  retina,  C.  Sauvages  is  obliged,  in  order  to 
read,  to  make  ufe  of  a  very  convex  glafs,  fuch  as  is  ufed  by 
perfons  who  have  undergone  an  operation  for  the  cataract, 
and  who  have  loft  the  cryftalline  humour.  He  does  not 
employ  the  glafs,  however,  except  in  cafes  which  require 
more  diftinct  vifion ;  and  he  (till  pofleftes  the  invaluable  ad¬ 
vantage  of  feeing  well  enough  to  diredt  his  way,  and  to 
difcern  perfectly  every  object  around  him.  By  means  of 
this  ingenious  operation,  fight  in  future  may  be  reftored  to 
the  greater  part  of  thofe  who  have  loft  that  faculty  by  large 
fpots  or  white  fears,  cafes  hitherto  confidered  as  incurable; 
provided  that  fome  part  of  the  cornea,  oppofite  to  the  iris,  has 
remained  tranfparent. 


IX.  On  we  Cultivation  and  Ufe  of  the  Syrian  Silk- Plant., 
By  J.  A.  Moller,  Director  of  the  IVeftphalian  P atriotic 
Society  *. 

TP 

I.  Deft  ription.  JL  HE  filk-plant,  dfclepias  Syriaca  Linn. 
known  by  the  old  botanifts  and  our  gardeners  under  the 
name  of  Jfpocynum  Syriacum,  came  originally  from  Syria 
and  Egypt.  It  is  indigenous  alfo  in  North  America,  and 
thrives  fo  well  in  Europe,  that  it  would  appear  that  it  is* 
fuited  for  all  countries  and  climates.  The  root  is  perennial, 
and  will  laft  from  ten  to  twenty  years.  In  the  month  of 
April  it  throws  out,  like  afparagus  and  hops,  a  great 
number  of  *  {hoots,  the  principal  ftem  of  which  rifes  to  the 
height  of  feven  or  eight  feet.  This  ftem,  which  is  as  thick 
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as  a  man’s  finger,  is  ftraiglit,  round,  and  fmooth,  and  befet 
with  oval  leaves  of  confiderable  fize,  covered  on  the  upper 
fide  with  dark  green,  and  on  the  lower  fide  with  whitifh 
down.  The  plant  has  a  milky  juice,  which  is  faid  to  be 
perfectly  harmlefs.  The  flowers  appear  about  the  end  of 
May,  and  continue  till  the  month  of  July;  there  are  often 
from  twelve  to  fixteen  on  one  ftem,  each  of  which  forms  a 
bunch,  containing  from  thirty  to  forty  fingle  flowers.  Each 
fingle  flower  adheres  to  the  bunch  by  a  long  thin  ftalk,  and 
has  a  fweetifh  odour.  Each  bunch  of  flowers  is  fucceeded 
by  three,  four,  and  fometimes  ten  long,  flat,  and  rough 
pods,  which  inclofe  feveral  round,  yellowifh  brown,  flat 
and  thin  feeds  wrapped  up  in  a  beautiful  fliining  white  kind 
of  filk.  The  feeds  are  winged ;  a  form  which  nature  has 
given  with  great  variety  to  many  others,  in  order  that  they 
may  be  conveyed  with  more  eafe,  and  to  a  greater  diftance, 
by  the  wind. 


II.  Ufes. — i ft.  The  filk,  which  covers  the  feeds  in  the 
pods,  is  the  principal  part  of  ufe,  and  that  from  which  the 
whole  plant  takes  its  name.  The  pods  gradually  acquire 
maturity  from  Auguft  to  the  beginning  of  October,  at 
which  time  thofe  who  cultivate  this  plant  mud  watch  with 
great  care  for  the  period  of  their  burfting,  in  order  to  collect 
the  filk,  left  it  fliould  be  carried  away  by  the  wind,  or  be 
fpoilt  by  the  rain.  The  pods  when  collected  are  fpread  out, 
to  the  height  of  about  half  a  foot,  on  a  net  or  rack,  in  an 
■airy  place,  in  order  to  dry. 

*  The  ftlk,  which  is  of  a  fliining  white  colour,  from  an  inch 
to  an  inch  and  a  half  in  length,  and  exceedingly  elaftic, 
is  then  taken  out,  and  being  freed  from  the  feeds  is  hungup 
in  thin  bags  in  the  fun,  in  order  that  it  may  become  per¬ 
fectly  dry  ;  and  at  the  fame  time  it  is  often  foftened  with 
the  hand,  or  by  being  beat.  This  vegetable  filk  may  now  be 
ufed,  without  any, further  preparation,  inftead  of  feathers  and 
horfe-hair,  for  beds,  cufliions,  coverlets  to  beds,  bolfters, 
and  mattrefies.  From  eight  to  nine  pounds  of  it,  which  oc¬ 
cupy  the  fpace  of  from  five  to  fix  cubic  feet,  will  be  fuffi- 
cient  fora  coverlet,  bed,  and  two  pillows;  fuch  beds  therefore 
are  exceedingly  convenient  for  travelling.  It  is  not  advifq- 
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able,  however,  to  ufe  this  filk  in  common  for  beds  inftead 
of  feathers,  as  it  is  too  foft  and  warm.  It  requires  as  little 
preparation  for  quilts  and  counterpanes,  and  is  lighter  and 
warmer  than  thofe  of  common  filk. 

For  fpinning,  however,  notwithftanding  its  finenefs,  which 
approaches  near  to  that  of  common  filk,  it  is  not  fit  when 
taken  alone,  as  it  is  almoft  too  fhort,  and  therefore  mail  be 
u fed  with  an  addition  of  flax,  wool,  or  common  filk,  but  par¬ 
ticularly  of  cotton.  One-third  of  this  filk  with  two-thirds  of 
cotton  forms  a  very  good  mixture  for  gloves,  (lockings,  and 
caps.  Other  mixtures  maybe  ufed  for  different  kinds  of  fluffs; 
but  it  has  been  obferved  that  the  cloth  is  much  flronger  when 
the  vegetable  filk  is  employed  for  the  woof  rather  than  for  the 
warp.  Many  colours  have  been  applied  to  fuch  cloth  with 
great  fuccefs,  but  as  each  fubflance  requires  a  peculiar  mode 
of  treatment,  more  experiments  on  this  fubjedl  are  neceffary  : 
a  mixture  of  one-third  vegetable  filk,  and  two-thirds  of  hare’s 
down,  forms  hats  exceedingly  light,  and  foft  to  the  touch, 
which  have  a  great  refemblance  to  beaver  hats,  and  are  much 
cheaper. 

2d,  As  foon  as  the  pods  have  been  colledled,  the  ftems, 
which  contain  a  fibrous  part  capable  of  being  fpun,  mufi  be 
cut  before  they  become  dry  or  fuller  from  the  night  frofts. 
They  mufl  then  be  immerfed  for  fome  days  in  water,  like  flax 
or  hemp,  and  then  dried  by  being  fpread  out  on  the  grafs. 
Care,  however,  mufl  be  taken  to  afcertain,  by  experiments, 
the  proper  length  of  time,  as  too  much  or  too  little  would  be 
prejudicial.  In  the  lad  cafe  the  flaxy  pari  is  brittle,  and  in 
the  former  it  lofes  its  flrength.  After  it  has  been  watered  it 
is  beaten  and  heckled:  for  beating  it  various  kinds  of  ma¬ 
chinery  have  been  invented,  and  for  bruifing  the  flems  parti¬ 
cular  mills  are  ufed. 

A  mixture  of  the  threads  fpun  from  the  flax  of  thefe  ftems 
with  the  vegetable  filk  and  cotton,  produces  a  kind  of  cloth, 
very  proper  for  furniture.  It  has  been  however  employed 
chiefly,  with  and  without  an  addition  of  rags,  for  making  all 
kinds  of  writing  and  packing  paper;  which  fometimes  is 
fimilar  to  the  Chinefe  paper,  and  fometimes  exceeds  in 
flrength  the  ufu-al  paper  made  from  rags. 

3d,  Both 
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3d,  Both  the  inner  white  fkin,  and  the  external  green  hulk 
of  the  capfules,  which  contain  the  feeds,  might  be  employed 
for  manufacturing  the  finer  forts  of  this  filk  paper. 

4th,  That  as  little  as  poffible  of  this  plant  (hould  remain 
ufelefs.  Nature  has  provided  in  the  fweet  juice  of  its  flowers 
excellent  nourifhment  for  bees,  According;  to  the  author  of 
Gejl  'hichie  1M drier  Bienen ,  this  plant,  in  the  above  refpeCt, 
the  lime-tree  excepted,  is  fuperior  to  ail  other  vegetable  pro¬ 
ductions. 

In  America  a  kind  of  brown  fugar  is  prepared  from  the 
juice  of  thefe  flowers. 

The  great  utility  of  this  plant  has  been  known  only  within 
thefe  thirty  years,  though  it  is  probable  that  it  was  intro¬ 
duced  into  Europe  about  the  time  of  the  crufades.  A  ma¬ 
nufactory  of  articles  from  the  filk  of  this  plant  has  been  efta- 
blifhed  at  Paris  fince  1760,  and  it  has  long  been  employed  at 
Laufanne,  with  advantage,  for  making  candle-wicks;  but  no 
one  has  fhown  more  zeal  in  regard  to  the  cultivation  and 
preparation  of  this  article  than  Mr.* Schneider  of  Liegnitz, 
who  has  recommended  it  in  two  different  pamphlets.  In 
regard  to  the  application  of  it  to  paper-making,  Mr.  Schmid 
of  Lunenburg  has  made  a  variety  of  experiments;  and  it  is 
much  to  be  wiflied  that  others  would  imitate  his  example. 

III.  Cultivation. — This  plant  is  propagated  two  ways, 
either  by  the  feed  or  by  flips.  In  the  month  of  March,  after 
•the  land  has  been  well  dug,  the  feeds  are  fown  thin,  and 
fmgly,  in  furrows  of  die  depth  of  an  inch,  and  covered  with 
earth,  which  is  thrown  oyer  them .  to  the  depth  of  half  an 
inch  :  they  are  fecured  alfo  from  the  night  frofi  by  mofs  or  a 
little  light  dung.  In  from  four  to  fix  weeks  the  young  plants 
begin  to  appear.  The  firft  year  they  produce  flowers,  but  do 
not  bear  feeds  till  the  fecond,  and  do  not  come  to  full  ma¬ 
turity  till  the  third.  In  the  third  year  they  are  tranlplantech 
But  this  method  is  more  laborious,  and  perhaps  ought  not  to 
be  recommended  but.  in  particular  cafes,  fuch  as  when  the 
roots  have  degenerated,  or  when  they  are  transplanted  to  a 
different  climate. 

The  objeCt  will  be  fooner  accomphfhed  by  flips  from  the 
roots.  As,  the  plant  throws  out  around  it  long  roots  with 

new* 
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new  eyes,  thefe  muft  be  lopped  off  from  the  old  flock  either 
in  autumn,  when  the  milky  juice  in  the  plant  has  dried  up, 
or  in  the  fpring,  before  it  again  flows  5  and  are  to  be  cut  into 
pieces  of  from  four  to  fix  inches  in  length,  but  care  muff  be 
taken  that  they  have  a  fufficient  number  of  eyes.  A  frefh 
incifion  muff  be  made  in  the  root  betore  and  behind,  and 
they  are  then  to  be  planted  in  the  ground,  to  the  depth 
of  four  or  five  inches,  in  an  oblique  pofition,  with  the  eyes 
or  buds  ftanding  upright.  Thofe  planted  in  autumn  will 
produce  feeds  the  next  fummer,  and  thofe  planted  in  fpring 
will  bear  the  fecond  fummer. 

In  regard  to  the  further  care  which  this  plant  requires,  the 
following  observations  deferve  attention  : — It  thrives  in  al- 
moft  every  kind  of  foil,  and  even  the  mod  ftony,  without  all 
further  care  :  but,  in  order  to  be  brought  to  perfedtion,  it  re¬ 
quires  a  tender  fandy  foil ;  which,  however,  mud  not  be  too 
poor  and  drv,  and  which  ought  to  have  as  much  fun  as  pctf- 
fible.  In  fuch  foil,  when  properly  nurtured,  it  produces  th$ 
longed,  fined,  and  mod  beautiful  dik. 

The  ground,  before  it  is  planted,  mud  be  dug  up  to  a  good 
depth,  and  well  dunged.  It  mud  alfo  be  well  weeded,  and 
kept  exceedingly  clean.  After  the  crop  has  been  collected, 
tlie  dems  mud  be  cut  clofe  to  the  ground;  and  the  plants 
which  have  died  mud  be  replaced  by  young  ones.  Towards 
winter  they  mud  be  covered  with  a  little  dung,  which  ought 
to  be  fpread  in  the  fpring.  A  iudicient  fpace  alfo  mud  be 
left  between  the  plants.  They  ought  to  be  planted  in  rows, 
and  at  the  didance  of  one  foot  and  a  half,  or  rather  two  feet, 
from  each  other. 

Of  the  dems  which  dioot  up,  only  the  bed  (perhaps 
about  one  half)  (hould  be  left  danding;  the  red,  as  foon  as 
the  dowers  appear,  diould  be  cut,  and  placed  in  fand  or 
earth,  to  dry  up  the  milky  juice  that  flows  from  them.  Even 
of  the  prime  plants,  it  will  be  proper  to  fuffer  four  or  five  of 
the  lowed  bunches  of  dowers  to  come  to  maturity.  By  fol¬ 
lowing  thefe  cautions,  the  filk  obtained  will  be  of  a  fuperior 
quality.  The  increafe  is  very  great.  4  In  the  year  1785,  Mr. 
Schneider  began  with  fix  plants,  and  in  1793  had  a  planta¬ 
tion  which  contained  30,000.  The  fird  crop  produced  eight, 
Vgl.  VIII.  X  the 
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the  fecond  356,  and  the  third  600  pounds  of  frlk.  If  the 
leaves,  after  the  crop  has  been  collected,  be  thrown  toge¬ 
ther  in  heaps  to  rot,  they  form  an  excellent,  manure  for  fu*- ' 
ture  ufe.  In  regard  to  the  preparation  of  the  filk,  little  is 
neceffary  to  be  faid.  It  may  eafily  be  conceived  that  it  will 
be  of  advantage  to  feparate  that  which  is  long  from  the 
fhorter  part,  in  order  that  the  former  may  be  employed  for 
fpinning.  The  lhorter  kind  may  be  ufed  for  beds  and  for 
hat-making.  f 

This  plant  may  be  employed  alfo  in  the  manufactory  of 
paper.  Schmid,  an  ingenious  paper-maker  near  Lunenburg, 
has  made  feveral  experiments  with  the  capfules  of  this  plant, 
which  gave  the  following  refill ts : 

1  ft,  From  the  interior  white  rind  of  the  capfule,  mixed 
with  one-third  of  rags,  he  obtained  writing-paper  pretty 
white,  of  a  good  quality,  and  fimilar  to  the  filk  paper  of  the 
-  Chinefe. 

2d,  From  the  external  green  part  of  the  capfules  a  greeniffi- 
coloured  paper,  which,  when  fized,  was  ftronger  than  paper 
made  of  rags :  it  was  almoft  as  dole  in  its  texture  as  parch¬ 
ment,  and  even  when  unfized  did  not  fuffer  the  ink  to  pe¬ 
netrate  through  it.  This  kind  was  exceedingly  proper  for 
wrapping-paper. 

3d,  From  the  hems  he  obtained  a  paper  fo  like  in  every 
thing  to  common  paper  made  of  rags,  that  the  difference 
could  fcarcely  be  diltinguifhed. 
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X.  On  feveral  new  Properties  dlf covered  in phofphorifed  Hy¬ 
drogen  Gas.  By  C.  Raymond,  ProfeJJ'or  of  Chemijlry 
in  the  Central  School  of  Ardeche  *. 
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V  V  E  are  indebted  to  C.  Gengembre  for  the  interefting 
difeovery  of  phofphorifed  hydrogen  gas.  No  chemift  before 
him  had  obferved  an  elaftic  fluid  which,  like  the  one  here 
fpoken  of,  poffeiTes  the  lingular  property  of  inflaming  by  the 
contaCt  of  the  air  alone,  without  requiring  its  temperature  to 
be  raifed,  or  an  ignited  body  to  be  prefented  to  it. 


*  From  the  Annales  de  Cbimiey  No.  105. 
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The  kind  of  undulating  and  always  increafing  ring  to 
which  this  gas  gives  birth  ;  when  made  to  burn  bubble  by 
bubble  in  a  place  where  the  air  is  perfectly  calm  ;  the  fplen- 
dour  and  magnificence  which  accompany  its  combuftion 
when  effected  in  oxygen  gas  perfectly  pure ;  the  hidden  pe¬ 
netration  of  thefe  two  gafes,  and  their  total  converfion  into 
water  and  phofphoric  acid ;  fuch  were  the  only  facts  known 
which  had  been  interefting  to  chemifts  in  the  hiftory  of  phof- 
phorifed  hydrogen  gas,  when  1  endeavoured  to  difcover  whe¬ 
ther  this  elaftic  fluid  did  not  pofl’efs  other  properties,  which, 
if  they  did  not  exhibit  fo  brilliant  a  fpedtacle  as  the  greater 
part  of  thofe  above  alluded  to,  might  be  worthy  of  engaging 
the  attention  of  chemifts  * 

The  property,  long  known,  which  fulphur  communicates 
to  hydrogen,  and  hydrogen  reciprocally  to  fulphur,  of  being 
able  to  diflolve  together  in  water,  while  both  taken  feparately 
are  perfectly  infoluble,  had  already  given  me  reafon  to  think 
that  the  cafe  might  be  the  fame  with  the  combination  of 
phofphorus  and  hydrogen;  and  that  thefe  two  fubftances, 
being  previoufly  united,  might  perhaps  then  become  fuf- 
ceptible  of  partaking  in  the  Jiquidity  of  water,  and  commu¬ 
nicate  to  it  new  properties  nearly  analogous  to  thofe  poflefled 
by  that  folution  of  fulphurated  hydrogen  gas  known  under 
the  name  of  hepatifed  water. 

To  deftroy  or  confirm  this  fuppofition,  I  took  a  glafs  bot¬ 
tle,  and,  having  filled  it  with  newly  diftilled  water,  inverted 
it  on  the  fhelf  of  a  pneumatic  tub,  in  order  that  I  might  in¬ 
troduce  into  it  phofphorifed  hydrogen  gas  arifing  from  the 
decompofition  of  water  by  a  mixture  made  with  phofphorus 
and  frefh-flaked  lime.  When  the  bottle  was  half  filled  with 
phofphorifed  hydrogen  gas  I  removed  it  from  the  tub,  taking 
ore  to  ftnit  very  clofely  its  aperture  with  my  finger,  while  f 
fbookjt  with  force  in  order  to  effedf  more  fpeedily  an  union 
of  the  gas  with  the  water,  in  the  fame  manner  as  the  folution 
of  carbonic  acid  gas,  as  well  as  that  of  fulphurated  hydrogen 
gas,  is  facilitated  by  making  ufe  ot  the  fame  means. 

I  foon  perceived,  by  the  ftrong  adhefion  of  my  finger  to 
the  mouth  of  the  bottle,  that  a  confiderable  vacuum  had  been 
fcffedled  in  it,  and  perhaps,  even,  that  the  whole  of  the  phof- 
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phorifed  hydrogen  gas  in  it  had  participated  in  the  liquidity 
of  the  water, 

I  then  removed  my  finger,  but  not  without  fome  difficulty, 
from  the  mouth  of  the  bottle,  that  I  might  examine  more 
accurately  the  nature  and  properties  of  the  liquid  it  contained, 
and  to  afcertain  whether  there  did  not  yet  remain  fome  por¬ 
tions  of  the  gas  fufceptible  of  inflammation  by  the  contact  of 
the  air.  But,  fcarcely  was  the  communication  eftablifhed 
between  the  atmofphere  and  the  infide  of  the  bottle,  when 
a  loud  detonation  took  plate,  accompanied  with  a  very  bril¬ 
liant  light.  I  readily  judged  from  this  phamomenon,  that 
the  whole  of  the  phofphorifed  hydrogen  gas  had  not  been 
abforbed  by  the  water  contained  in  the  bottle ;  on  which  ac¬ 
count  I  doled  the  aperture,  in  order  to  prevent  the  combuf- 
tion  from  being  longer  continued;  which  would  not  have 
failed  to  produce  a  confiderable  quantity  of  phofphoric  acid, 
and  confequently  to  occafion  great  uncertainty  in  regard  to 
the  refults  which  I  wifhed  to  obtain. 

The  bottle  having  been  clofely  flopped,  T  continued  to 
{hake  it  feveral  times,  under  an  idea  that  I  fhould  by  thefe 
means  be  able  to  fix  entirely  the  laft  portions  of  the  phoi- 
phorifed  hydrogen  gas  which  had  remained  undiffolved. 

Hoping  that  I  had  fucceeded,  and  impatient  to  know  the 
new  properties  which  the  Water  faturated  with  the  gas  might 
have  acquired,  I  determined  to  unflop  the  bottle  a  fecond 
time  in  contact  with  the  air.  This  was  Toon  followed  bv  a 
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fecond  detonation,  ftronger,  indeed,  than  the  former.  After 
this  I  did  not  think  of  flopping  the  aperture  of  the  bottle,  ft) 
that  a  flame  exceedingly  pale  continued  for  fome  minutes  to 
iffiie  from  it. 

When  I  obferved  no  more  apparent  figns  of  combuftion, 
I  examined  by  the  fmell  and  tafte  the  liquor  remaining  m 
the  bottle.  Its  fmell  appeared  to  me  exceedingly  difagree- 
able,  and  altogether  different  from  that  of  gafeous  phofpho-r 
rifed  hydrogen ;  its  tafte,  though  very  bitter,  had  in  it,  how¬ 
ever,  fomething  infipid  and  difgufting;  and  its  colour  was  a 
little  inclining  to  that  of  lemon. 

When  tried  with  tincture  of  turnfol  it  foon  made  it  fenfibly 
jfedj  which  I  afcribed  to  the  fmall  portion  of  phofphoric  acid 
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which  muft  have  been  produced  at  the  moment  when  the 
detonations  took  place,  as  well  as  during  the  difengagement  . 
of  the  flame  which  followed  the  fecond  detonation. 

I  was  then  obliged  to  begin  a  new  operation,  that  is  to  fay, 
to  diflblve  phofphorifed  hydrogen  gas  again  in  water,  that  [ 
might  afcertain,  by  employing  more  caution,  in  what  accu¬ 
rate  proportions  this  folution  might  be  effected ;  and  that  I 
might  prevent  combuftion  alio  from  taking  place  in  the  in- 
fide  of  the  bottle,  which  would  have  become  a  fource  of  error 
in  the  conclufion  of  my  experiments. 

I  had'afcertained  with  certainty,  by  means  of  the  quantity  , 
of  water  and  gas  which  I  had  tried  to  diflblve  the  firfl  time, 
as  well  as  by  the  detonations  which  had  taken  place  at  the 
moment  when  the  bottle  was  unftopped,  that  diftilled  water 
could  not  diflblve  at  the  temperature  of  470  a  volume  of 
phofphorifed  hydrogen  gas  equal  to  its  own.  I  took  care, 
therefore,  to  introduce  into  the  bottle  the  fecond  time  only 
about  a  third  of  its  capacity  of  the  gas.  I  then  repeatedly' 
fliook  the  mixture  in  order  to  render  the  union  of  the  gas 
with  the  water  fpeedier,  and  as  complete  as  poffible ;  after 
which  I  unftopped  the  bottle,  holding  it  inverted  in  a  fmall 
tub,  which  I  had  filled  with  newly  diftilled  water,  that  I 
might  fee  whether  it  would  become  entirely  filled  with  it 
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merely  by  the  efte£t  of  the  preflure  of  the  atmofphere,  and 
that  I  might  thence  judge  whether  the  whole  gas  had  been 
liquefied. 

I  indeed  faw  a  portion  of  the  water  in  the  tub  afcend  into 
the  bottle,  but  I  perceived  alfo  that  it  was  not  entirely  filled ; 
which  confirmed  me  in  the  opinion  that  there  ftill  remained  a 
portion  of  the  gas  which  had  not  participated  in  the  liquidity 
of  the  water.  Having  then  tried  to  make  fome  bubbles  of  it 
iflue  out  through  this  liquid,  thele  bubbles  inflamed  fponta- 
taneouflv  by  the  contabl  of  the  air  alone ;  which  proved  to 
me  that  the  phofphorifed  hydrogen  gas  had  not  been  decom- 
pofed  at  all  by  agitation,  nor  by  its  contact  with  diftilled 
water;  whereas  it  foon  lofes  its  highly  combuftible  property 
when  collected  in  bottles  filled  with  water  which  has  not  been 
diftilled,  or  diftilled  water  which  has  been  long  kept,  which 
J  afcribe  to  the  quantity  of  air  which  cjommon  water  always 
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holds  in  folution,  the  oxygen  of  which,  joining  a  portion 
of  the  phofphorus,  effects  its  feparation  from  the  hydrogen  by 
converting  it  into  phofphorous  oxyd,  which  being  altogether 
infoluble,  depofits  itfelf  on  the  tides  of  the  veflel,  without  any 
appearance  in  this  kind  of  oxydation  of  any  fenfihle.  tign  of 
combuftion ;  while  the  oxygen  of  the  atmofpheric  air,  which 
participates  in  the  liquidity  of  the  water,  being  always  in  that 
cafe  deprived  of  a  large  portion  of  the  light  and  caloric  which 
are  combined  with  it  in  its  aerial  aggregation,  cannot  pro¬ 
duce  thefe  two  effects  in  a  very  fentible  manner  when  it 
pa  ties  in  this  date  of  liquid  aggregation  from  one  combina¬ 
tion  to  another. 

Having  again  agitated  the  bottle  after  doting  the  mouth  of 
it,  I  was  able,  by  means  of  the  fmall  quantity  of  water  which 
had  been  introduced  into  it,  and  of  which  I  kept  an  exadt 
account,  to  render  the  abforption  of  the  laft  portions  of  the 
gas  complete ;  for,  having  a  fecond  time  uncorked  the  bottle 
in  the  fame  diftilled  water,  I  then  faw  it  become  entirely 
filled.  I  think  1  may  affirm,  therefore,  from  thefe  trials, 
and  feme  others  which  I  made,  that  water  freed  from  air  by 
diftillation  can  diflbive  and  liquefy,  at  the  ufual  temperature, 
a  little  lefs  than  the  fourth  of  its  volume  of  phofphorifed  hy¬ 
drogen  gas,  and  that  with  this  dofe  it  is  completely  faturated. 

This  folution  thus  prepared,  and  kept  free  from  the  con- 
tad  of  the  air,  always  exhibited  the  following  properties  : 

In  colour,  it  has  a  pretty  near  refemblance  to  lulphur  in 
flicks,  though  a  little  lefs  dark  ;  it  has  a  ftrong  difagreeable 
odour,  and  an  exceedingly  bitter,  naufeous,  and  difgufting 
iafte. 

When  examined  in  the  dark,  this  folution  does  not  appear 
luminous ;  which  proves  that  the  phofphorus  is  intimately 
combined  in  it  with  the  hydrogen. 

When  di fiil led  in  a  fmall  retort,  conne&ed  with  a  pneu¬ 
matic  apparatus,  it  furnifhes,  at  a  temperature  a  little  above 
that  of  boiling  water,  and  efpecially  when  diftilled  foon 
after  it  has  been  prepared,  a  very  large  quantity  of  phof¬ 
phorifed  hydrogen  gas,  as  pure  and  as  combuftible  as  that 
obtained  by  heating  cauftic  alkalies,  or  quicklime,  with 
phofphorus  and  a  very  fmall  quantity  of  water:  what  after- 
4  wards 
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wards  remains  in  the  retort  after  the  difengagement  of  this 
gas  has  entirely  ceafed,  is  nothing  elfe  than  pure  water, 
having  neither  odour,  tafte  nor  colour,  and  perfectly  re- 
fembling  water  newly  diltilled. 

When  brought  into  contact  with  atmofpheric  air,  this 
folution  foon  duffers  to  be  depofited  a  remarkable  quantity  of 
red  oxvd  of  phofphorus,  and  at  the  fame  time  fuffers  to  be 
difengaged  hydrogen  gas,  which  is  no  longer  fufceptible  of 
inflammation,  except  when  brought  into  contact  with  a 
body  in  a  ftate  of  ignition.  If  the  folution  be  long  expofed 
to  the  air,  and  if  the  points  of  contact  be  frequently  re¬ 
newed  by  agitation,  it  becomes  completely  decompofed; 
that  is  to  fay,  is  entirely  refolved  into  phofphorus,  oxyd,  and 
pure  hydrogen  gas. 

TinCfure  of  turnfol  and  that  of  violets  experience  no 
change  in  their  colour  from  being  in  contadf  with  liquid 
phofphorifed  hydrogen ;  which  proves  that  this  liquor  is 
neither  acid  nor  alkaline. 

The  fulphuric  and  nitric  acids,  or  the  Ample  or  oxygenated 
muriatic,  when  poured  over  this  liquor,  produce  no  effedf 
worthy  of  notice. 

J 

Potafh,  foda  and  ammonia  adf  in  the  fame  manner. 

The  oxyds  of  mercury  and  lead  are  fpeedily  reduced,  and 
immediately  converted  into  metallic  phofphurets,  by  being 
mixed  with  the  folution  of  phofphorifed  hydrogen  gas. 

When  poured  into  nitrat  of  fllver,  this  folution  immedi¬ 
ately  produces  a  very  abundant  black  precipitate,  which  does 
not  in  the  leaf!  change  its  colour,  and  which,  when  tried 
by  the  blow-pipe,  exhibits  the  characters  belonging  to  me¬ 
tallic  phofphurets. 

When  brought  into  contact  with  a  folution  of  mercury 
by  nitric  acid,  it  gives. alfo  immediately  a  very  confiderable 
precipitate,  which  has  firft  a  black  colour,  but  which  be¬ 
comes  white  and  cryftallifed  in  proportion  as  it  pafles  from 
the  ftate  of  phofphuret  to  that  of  mercurial  phofphat,  by 
imbibing  oxygen,  either  from  the  nitric  acid  in  which  the 
precipitation  takes  place,  or  from  the  atmofpheric  air 
with  which  it  is  in  contad. 

A  folution  of  lead  by  the  nitric  acid  is  alfo  decompofed 
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by  the  hydro-phofphorous  liquor,  but  with  lefs  force  than  tli£ 
folutions  of  filver  and  mercury  are.  There  is  formed  in  this 
decompofition  alio  phofphuret  of  lead,  which  in  the  conrfc 
of  time  is  converted  into  a  phofphat. 

The  fulphat  of  copper  fhows  alfo,  at  the  end  of  a  certain 
lime,  a  pretty  abundant  black  precipitate  when  poured  into 
a  folution  of  phofphorifed  hydrogen.  This  precipitate,  like 
that  obtained  by  the  decompofition  of  nitrat  of  filver,  re- 
tains  its  colour ;  which  may  give  us  reafon  to  believe  that 
it  can  be  converted  only  with  difficulty  into  a  phofphat. 

Sulphat  of  iron  did  not  appear  to  me  to  experience  any 
fenfible  decompofition  till  the  end  of  feveral  days.  Nitrat  of 
arfenic,  poured  into  this  liquid,  did  not  experience  any  fen¬ 
fible  decompofition  till  the  end  of  feveral  days.  There  was 
then  formed  a  precipitate  of  a  very  beautiful  yellow  colour 
under  the  form  of  fmall  grains,  and  which  could  remain  a 
long  time  cxpofed  to  the  air  without  experiencing  any  kind 
of  change.  This  precipitate  was  an  arfenical  phofphuret. 

It  refidts  from  thefe  new  properties,  firft  difcovered,  I 
think,  by  myfelf,  in  phofphorifed  hydrogen  gas,  ift,  That 
this  gas  can  unite  itfelf  to  diftilled  water,  in  the  proportion 
of  about  a  fourth  of  its  volume,  when  the  folution  is  ef¬ 
fected  at  the  temperature  of  44-5  of  Fahrenheit’s  thermo¬ 
meter*.  2d,  That  this  gas  communicates  to  the  water  in 
which  it  is  diffolved  a  ftrong  difagreeable  odour,  as  well  as 
a  bitter  take,  which  may  one  day  make  it  be  employed  with 
fuccefs  in  the  treatment  of  many  difeafes,  either  on  account 
of  the  facility  with  which  this  preparation  fuffers  .itfelf  to 
be  decompofed,  or  of  the  part  performed  by  the  phofphorus 
it  contains  in  the  formation  of  animal  matters.  3d,  That 
when  w'ater  well  freed  from  air  has  been  employed  to  liquefy 
this  gas,  and  when  care  has  been  taken  to  keep  it  thus  dif¬ 
folved  in  bottles  well  corked,  it  may  be  preferred  a  long 
time  without  experiencing  decompofition,  fo  that  by  heating 
the  folution  you  may  extract  from  it,  in  the  hate  of  gas, 
all  the  phofporifed  hydrogen  it  contains.  4th,  That  when 

'*  It  is  probable  that  at  the  temperature  of  freezing  water  might  diffolve. 
a  larger  quantity,  but  the  want  of  phofphorus  prevented  me  from  afcertain- 
ing  this  fatt. 
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the  water  has  thus  been  freed  from  all  the  phofphorifed  hy¬ 
drogen  it  had  dififolved,  it  becomes  pure  water;  which 
proves  that  it  was  indebted  for  its  new  properties  to  the  pre¬ 
fence  of  this  gas  alone.  5th.,  In  the  laft  place,  that  this 
folution  is  capable  of  fpeedily  reducing  feveral  metallic  oxyds, 
whether  alone  or  dififolved  bv  acids,  and  of  forming  with 
them,  by  means  of  double  elebtrive  attraction,  water  and  me¬ 
tallic  phofphurets^  combinations  which  hitherto  have  been 
obtained  only  in  the  dry  way  ;  that  is  to  fay,  by  heating 
metals  with  phofphorus,  or  by  decompofing  phofphoric  glafs 
or  metallic  pbofphats  bv  metals  and  charcoal.  Such  are 
the  properties  which  appear  to  me  fufficiently  interelling  to 
be  worthy  of  being  added  to  the  Rill  imperfect  hiliory  of 
phofphorifed  hydrogen  gas. 


XL  On  the  general  Nature  of  Light.  By  Air.  Robert 
Heron.  Communicated  by  the  Author, 

jThROUGH  the  medium  of  the  Philofophical  Maga¬ 
zine  I  beg  leave  to  lay  before  men  of  fcience  the  following 
opinions,  which  have  lately  fuggefted  themfelves  to  me  as 
neceffiiry  and  fair  inductions  from  thofe  faCts  that  have  come 
to  my  knowledge  refpebting  light. 

1.  Light  pafifes  only  through  the  vacuities  in  other  bodies; 
does  not  penetrate  their  folid  lubftance,  lb  as  ever  to  coexift 
with  it  in  the  fame  place. 

2.  It  pafifes  through  thofe  vacuities  in  firaight  perpendi¬ 
cular  lines,  without  any  lofs  of  its  qualities  by  attenuation 
and  fubdivifion  of  its  particles  :  or,  it  is  refrabled  from  the 
perpendicular  with  a  fubdivifion  of  its  particles,  by  which  its 
qualities  are  altered  :  or,  its  pafiage  is  wholly  interrupted, 
and  it  is  either  reflected  orabforbed. 

3.  Since  general  attraction  abbs  in  bodies  in  the  proportion 
of  their  mafifes  and  aggregation  ;  fince  the  more  the  affinity 
of  aggregation  is  in  any  bodies  deftroyed,  fo  much  the  more 
readily  and  powerfully  do  the  chemical  affinities  of  com- 
pofition  abt  upon  them;  fince  the  extreme  tenuity  of  light, 
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the  fubtileft  of  all  vifihle  fubftances,  renders  it  infinitely 
fenfible,  equally  to  the  general  attractive  force  and  ;o  the 
chemical  affinities  of  other  bodies  approaching  it  :  for  thefe 
reafons,  the  fame  general  and  chemical  affinities,  which  pro¬ 
duce  the  other  changes  on  material  bodies,  omit  appear  tuf- 
ficient  to  occafion  the  different  phaenomena  which  light  pre- 
fents  in  its  various  tranfitions. 

4.  The  true  primitive  colour  of  light,  when  unmixed 
with  other  fubftances,  when  its  particles  exift  together  in 
their  natural  arrangement  and  aggregation,  when  the  at¬ 
tractions  of  other  bodies  for  it  adt  not  fo  as  to  fcatter  or  de? 
compofe  its  parts,  is  white. 

5.  Its  colours  and  its  peculiar  adtion  on  the  optic  nerve 
depend  on  the  peculiar  forms  of  its  elementary  particles,  on 
their  peculiar  aggregation,  on  their  mechanical  and  chemical 
qualities,  on  the  modes  of  its  diffujion. 

6.  It  pafj'es  without  alteration  or  deflexion  through  tranj- 
ftnreni  bodies  in  which  the  abfolute  vacancies  are  fufficiently 
numerous  to  receive  its  rays,  in  which  the  difpofition  of 
thefe  vacancies  is  perpendicular  to  the  direction  of  the  rays, 
and  in  which  the  attractions  of  the  body  for  the  light  arc 
not  fo  ftrong  as  to  adt  on  the  rays  with  a  diffolving  or  a  de* 
compofing  force. 

7.  It  is  ref r acted }  when  the  vacuities  in  the  bodies  on 
which  it  falls  are  not  difpofed  throughout  the  tranfparent 
medium  perpendicularly  to  the  direction  of  the  rays  5  and 
when  the  attractions,  chemical  and  mechanical,  of  the 
parts  of  that  medium  are,  in  refpect  to  light,  lo  powerful  a« 
to  occafion  either  a  tendency  to  the  carrying  of  the  ray  into 
new  combination,  which  fhall  alter  its  aggregation,  or  even 
a  partial  fixation  of  it  in  fame  new  compound. 

8.  It  is  rejleCled  when  it  falls  on  furfaces  which  prefent 
no  rectilinear  vacancies ,  none  but  fuch  as  are  curves , 
through  which  its  rays  cannot  pafs;  and  when,  at  the  fame 
time,  thofe  furfaces  have  no  affinities  for  its  particles  of 
fufficient  ftrength  to  attract  thefe  particles  into  their  own 
compofition.  When  thefe  circmnftances  concur  in  their 
utmoft  power  the  reflexion  is  complete,  and  all  the  falling 
rays  are  returned  from  the  furface ;  but  the  required  cir- 
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cumftances  feldom  do  fo  fully  concur.  In  moll  cafes  of  the 
reflexion  of  light,  there  is  a  portion  of  the  falling  light  either 
tranfmitted  or  abforhed. 

9.  Light  is  abforbed  in  the  bodies  on  which  it  falls,  when 
their  attractions  fix  it  in  new  compounds  with  their  parts; 
or  when  they  prefent  a  medium  in  which  it  may  be  for  a 
time  fufpended,  though  not  carried  into  actual  combi¬ 
nation. 

10.  As  the  primitive  colour  of  light  depends,  in  a  grea$ 
meafure,  on  the  conformation  and  the  relative  arrangement 
6f  its  particles,  fo  the  other  colours  which  it  afl'umes  in  re¬ 
fraction  depend  likewife  on  changes  in  the  arrangement  of 
thofe  particles  which  vary  the  effect  of  their  conformation. 
While  the  particles  remain  in  the  fame  arrangement  the 
colour  is  the  fame ;  and  their  elementary  conformation,  and 
the  law  of  movement  to  which  they  are  fubject,  continue 
their  illuminating  effect  to  the  eye  till  they  are  loft  by  ex¬ 
treme  diffufion,  by  abforption,  or  perhaps  by  entire  decom- 
pofition. 

The  permanent  colours  of  the  furfaces  of  bodies  depend 
on  the  fame  laws  as  the  colours  of  the  rays  of  light.  The 
conformation  and  the  arrangement  of  the  extreme  elementary 
particles  at  the  furfaces  of  all  bodies  determine,  refpeCtively, 
their  different  colours.  White  furfaces,  for  mftance,  have 
one  conformation  and  arrangement  of  the  minuteft  par¬ 
ticles  at  their  extremities  :  blue  furfaces  have  another  con¬ 
formation  and  arrangement  of  the  fame  particles  :•  red  fur¬ 
faces  another,  8cc.  See.  Thefe  extreme  particles  of  the  fur¬ 
faces  of  bodies  do  not  conftitute  light,  becaufe  they  are  not 
unconfined  and  in  motion,  have  not  its  peculiar  rectilinear 
elafticity,  poflefs  not  its  chemical  affinities;  but  when 
light  is  thrown  upon  them,  they  become  vifible,  each  fet  of 
particles  under  a  different  colour,  juft  as  its  conformation 
and  arrangement  are  different.  The  extreme  particles  of 
klue  furfaces  have  the  fame  conformation  and  arrangement 
as  the  particles  of  light  in  a  blue  ray;  and  fo  of  other  co¬ 
lours. 
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XII.  Some  Account  of  Frederick  Augustus  Eschen, 

‘who  was  fwallowed  up  in  a  Fiffure  of  the  Snow  in  the 

Glacier  of  Buet 

F' Rederick  Augustus  Eschen  was  born  in  1 7 77 » 
at  Eutin,  in  the  circle  of  Lower  Saxony,  where  his  father 
enjoyed  a  public  office,  which  gave  him  an  opportunity  of 
Laving  frequent  intercourfe  with  the  archbifhop  of  Lubec, 
his  fovereign,  by  whom  he  was  highly  efteemed.  The  prince 
Hood  godfather  to  this  fon,  and  inverted  him  with  the  ca- 
nonicate.  Being  the  eldeft  of  a  numerous  family,  young 
Efchen  was  deftined  for  the  rtudy  of  jurifprudence,  with  a. 
view  that  he  might  be  fitted  for  holding  fome  public  employ¬ 
ment;  but  his  father  did  not  confine  his  education  merely  to 
thofe  branches  of  knowledge  neceftarv  for  that  line.  He  was 
inftruHed  in  the  fciences  and  the  fine  arts;  and,  being  early 
familiarifed  with  both,  he  applied  to  them  with  unabated 
ardour,  and  made  fuch  a  rapid  progrefs  as  attracted  the  at¬ 
tention  of  fome  of  the  mod  celebrated  men  of  Germany, 
among  whom  was  Vofs,  who  lived  in  the  fame  village,  .and 
was  an  intimate  friend  of  his  father.  Young  Efchen  was 
particularly  noticed  alfo  by  Count  Stolberg,  well  known  by 
his  tranflalioh  of  Plato’s  Dialogues  and  his  Travels  through 
Swirterland  and  Italy. 

j 

At -the  age  of  twenty,  young  Efchen  quitted  bus  father’s 
houfe,  and  repaired  to  the  univerfity  of  Jena,  where  he  ap¬ 
plied  chiefly  to  philofophy  and  jurifprudence;  the  former  of 
which  he  ftudied  under  Fichte,  the  difciple  and  rival  of  the 
celebrated  Kant;  and  the  latter  under  Profefibr  Hufeland,  a 
man  as  much  diftinguiflhed  by  his  private  virtues  as  by  his 
talents  and  learning.  Natural  hiflory  and  philofophy  occu¬ 
pied  alfo  fome  part  of  his  attention  ;  nor  did  he  negledf  po¬ 
etry,  to  which  he  had  a  rtrong  natural  propenfity.  He  tranf- 
lated  feveral  pieces  from  the  Greek  and  Latin  languages, 
which  were  almoft  as  familiar  to  him  as  his  own,  and  to 
which  he  had  added  almoft  all  thofe  of  Europe.  He  pub- 
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Allied  aifo  various  fpecimens  of  original  poetry,  many  of 
which,  of  the  Idyl  kind,  met  with  the  approbation  of 
Schiller  and  Goethe,  the  former  of  whom  inferted  one  of 
them  in  the  Almanac  of  the  Mufes,  of  which-  he  is  the 
editor.  Another  of  them,  entitled  Die  Lehre  der  Bcfchie - 
denheit ,  The  Leflon  of  Modefty,  deferves  to  be  known  on 
account  of  the  ingenious  manner  in  which  the  author  treats 
a  trifling  fubjebl  little  fufceptible  of  poetical  ornaments. 
Efchen  wrote  alfo  feveral  eflTays  and  diflertations  on  different 
points  of  antient  literature,  which  appeared  in  fome  of  the 
German  journals,  and  which  procured  him  an  acquaintance 
with  feveral  men  of  eminence  in  the  republic  of  letters.  It 
is  no  little  recommendation  of  Efchen’s  character,  than  we 
can  mention  among  thefe  Schlegel  and  Humboldt. 

In  the  fpring  of  the  year  1798,  Efchen  undertook  a  journey 
to  Swiflerland  in  order  to  fuperintend  the  education  of  a  young 
man,  chiefly  with  a  view  that  he  might  improve  his  own  ; 
and  for  that  purpofe  fettled  at  Berne,  where  one  of  his  coun¬ 
trymen  had  been  before  engaged  in  the  fame  occupation. 
Others  foon  followed  him  :  and  fome  young  inhabitants  of 
Berne,  who  had  been  the  Companions  of  his  ftudies  at  the 
univerflty,  joined  themfelves  to  the  circle  of  his  friends.  In 
the  enjoyment  of  their  company,  with  the  charms  of  friend- 
iliip  and  ftudv,  though  amidfl  the  ftorms  of  the  revolution, 
he  faw  two  years  glide  away  in  peace,  and  diftinguifhed  by 
labours  which  might  have  done  honour  to  a  longer  life.  His 
tranflation  of  the  Odes  of  Horace  had  juft  appeared  a  little 
before  the  fatal  event  which  fnatched  him  from  letters  and 
from  his  friends.  This  production  may  be  reproached 
with  containing  too  many  Latinifms  and  bold  expreffions 
little  fuited  to  the  genius  of  the  German  language;  but  with 
all  thefe  faults  it  will  Hi  1 1  remain  a  claflic  work  worthy  of 
being  ranked  among  the  real  trea fures  of  German  literature, 
and  which  ought  to  have  infpired  the  greateft  hopes  of  a 
young  man,  who,  at  twenty- three  years  of  age,  could  ven¬ 
ture  to  undertake  a  tafk  fo  difficult. 

\ 

.The  unfortunate  cataftrophe  which  terminated  the  life  of 
this  interefting  young  man  has  been  already  detailed  in  this 

journal. 
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journal.  We  fhall  therefore  only  oblerve  that,  about  the 
end  of  July,  this  year,  Efchen  undertook,  in  company  with 
M.  Theodore  Ziemften  his  friend  and  countryman,  a  tour 
to  the  borders  of  the  lake  of  Geneva  and  the  valley  of  Cha* 
mouni.  They  afeended  together  the  Buet,  a  high  mountain 
behind  the  village  of  Servoz,  celebrated  by  the  experiments 
made  there  by  De  Luc  and  SamTure,  and  which  commands  a 
view  of  the  country  round  Mount-Blanc.  They  were  juft  on 
the  point  of  reaching  the  fummit,  and  nothing  feemed  to 
announce  that  any  danger  was  to  be  apprehended ;  Efchen 
was  walking  forwards  in  high  fpirits  before  his  friend  and 
their  guide,  when,  all  of  a  hidden,  his  two  companions  loft 
fight  of  him.  A  thin  cruft  of  fnovv,  which  covered  a  deep 
fifth  re,  had  given  way  under  his  feet,  and  he  fell  into  the 
€hyfs ;  where  he  perifhed  as  already  related. 


XIII.  On  the  Dlfcovery  of  that  Salt  known  under  the  Name 
of  S  eigne  tie's  Salt  ( Tar  trite  of  Soda).  By  Profeffor  Beck¬ 
mann. 

Hp  | 

JL  TIIS  neutral  fait,  which  confifts  of  the  mineral  alkali 

(foda)  and  the  acid  of  wine-ftone  (tartareous  acid),  was  pre¬ 
pared  and  made  known  by  a  Frenchman  named  Peter  Seig- 
nette,  towards  the  end  of  the  laft  century.  The  confidence 
with  which  the  inventor  recommended  it,  and  the  care  he 
took  to  conceal  the  method  of  making  it.  had,  as  is  ufual, 
fuch  an  efteht,  that  it  was  employed  in  preference  to  many 
other  medicines,  long  known,  which  had  been  equally  fer- 
viceable;  and  by  thefe  means  he  was  enabled,  without  much 
trouble,  to  acquire  a  fortune.  It  muft,  however,  be  allowed 
that  he  was  a  fkilful  chemift,  who,  by  his  writings  and  the 
invention  of  various  other  medicines,  had  obtained  confider- 
able  reputation  as  a  phvfician  and  naturalift.  He  was  efta- 
blifbed  as  an  apothecary  at  Rochelle;  publifhed  papers  on 
various  natural  objefts  which  he  had  obferved  in  his  neigh¬ 
bourhood,  in  the  Memoirs  of  the  Academy  of  Sciences  at 
Paris,  as  well  as  in  other  works,  and  died  on  the  nth  of 

March 
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March  1719'*.  He  recommended  this  fait,  which  enriched 
him  and  rendered  his  name  famous;  in  fome  fmall  treatifes 
printed,  in  particular,  about  the  year  1672.  He  called  it 
fo  me  times  alkaline  fait ,  fometimes  Jal  polychrefl,  and  fome- 
times  Rochelle  fait.  After  his  death,  his  fon  continued  to 
prepare  and  to  vend  it  with  the  greateft  fuccefs. 

Manufacturers  and  mechanics  have  been  often  reproached 
with  the  jealoufy  which  they  entertain  of  literary  men  ;  but, 
in  my  opinion,  the  latter  are  the  caufe  of  it.  It  muft  indeed 
be  confefled,  though  humiliating  for  human  knowledge,  that 
the  1110  ft  ufeful  difeoveries  have  at  fir  ft  prefen  ted  themfelves 
to  the  former,  while  engaged  in  the  various  operations 
which  their  employments  require;  but  their  merit  confifls 
principally  in  remarking  and  following  phenomena  till  they 
produce  from  them  fomething  ufeful.  If  they  are  fo  fortu¬ 
nate  as  to  fucceed,  they  keep  their  difeoveries  fecret  in  order 
that  they  may  enjoy  a  monopoly  of  them  ;  but  no  fooner  has 
the  man  of  letters  heard  of  a  new  difeovery  than  he  willies 
to  have  a  (hare  in  the  honour  of  making  it  known;  and  his 
zeal  in  this  refpeCt  is  proportioned  to  its  importance  and  the 
care  with  which  it  is  concealed;  becaufe,  in  general,  he  can 
gain  only  by  rendering  it  public.  The  man  of  letters,  how¬ 
ever,  has  a  great  advantage  over  the  mechanic  or  manufac¬ 
turer,  as  his  exertions  never  fail  to  be  approved ;  becaufe,  by 
endeavouring  to  diffufe  an  important  benefit,  he  appears  in 
the  character  of  a  patriot,  a  friend  to  mankind,  and  a  citizen 
of  the  world  ;  and  may  thus  place  the  merit  of  the  mechanic 
or  manufacturer  in  a  difadvantageous  point  of  view.  This 
oppofition  of  private  intereft  proves  of  great  utility  to  the 
whole  fociety  of  which  both  parties  are  members.  When 
the  mechanic  or  manufacturer  makes  difeoveries,  they  are 
communicated  to  the  public  by  the  man  of  letters;  who,  by 
thefe  means'  renders  them  ufeful ;  prevents  their  being  hurt¬ 
ful  by  a  monopoly;  fecures  them  from  dying  with  the.dif- 
coverer;  at*d,  by  inveftigating  the  principles  on  which  they 

*  Some  of  Seignette’s  papers  are  printed  in  Bibliotbeque  ITiJiorique  de 
la  France  par  Ferret  de  Fontelte ,  Paris  1778,  5  vols.  fol.  fuc'h  as  a  paptr 
taken  from  Me  moires  de  l'  Acad.  1707,  p.  1x5;  and  alfo  in  Eijloire  de  la 
Rochelle, par  M.  Arcere,  VclHI.  p.424. 
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depend,  makes  their  benefit  to  mankind  more  certain,  arid 
iliows  how  they  may  be  applied  in  various  cafes  of  which 
the  artift  or  manufacturer  never  had  an  idea*.  If,  by  this 
eandudt,  he  leflen  the  merit  of  one,  he  on  the  other  hand 
points  out  employment  to  many;  and  gives  rife  to  eltablith- 
ments  in  which  thoufands  participate,  and  by  which  they 
acquire  riches. 

Thus  Seignette  discovered  fal  poly ch reft  while  he  was 
engaged  in  making  Soluble  tartar  (tartrite  of  potafh),  and, 
according*  to  the  old  opinion,  imaffininff  that  both  the  fixed 
alkalis  were  the  fame,  ufed  foda  inftead  of  the  alkali  of  tartar 
(potafh).  By  thefe -means  he  procured,  not  without  furprife, 
a  fait  different  from  the  common  foluble  tartar,  which  he 
wifhed  to  prepare,  and  from  the  other  well  known  fait  alfo. 
He  was  induced  therefore,  to  examine  it ;  and  having  found 
it  to  be  a  new  laxative,  he  recommended  it  and  became  rich. 
The  experiments  of  learned  chemifts  difeovered  the  compo¬ 
nent  parts  of  this  fait;  the  mode  of  preparing  it  was  then 
made  publicly  known  ;  and,  by  more  accurate  examination, 
the  difference,  before  overlooked,  between  vegetable  and 
mineral  alkalif  was  determined  :  bv  which  new  light  was 
thrown  upon  chemiftry,  and  an  important  fervice  rendered 
to  a  variety  of  arts. 

Among  thofe  who  contributed  to  bring  this  fait  into  re¬ 
pute  was  Nicholas  Lemery,  to  whom  Seignette  lent  a  large 
quantity  of  it,  which  he  diftributed  at  Paris,  though  unac¬ 
quainted  with  its  component  parts  J.  Its  compofition  was' 
difeovered  at  the  fame  time,  about  the  year  1731,  by  two 
Trench  chemifts,  Boulduc  and  Geoffroi.  The  former  pub- 
iifhed  his  obfervations  in  the  Memoirs  of  the  Academy  of 

Nam  invenire  prseclare,  enuntiare  magnifice,  interdum  ctiam  barbari 
folent;  difpottere  aptt,  figurare  varie,  nifi  eruditis,  negatum  eft.  PI  in. 
Epij}.  III.  13. 

+  Profellor  Gmelin,  in  anfvver  to  the  qu  eft  ion,  Who  firft:  remarked  the 
inference  between  the  vegetable  and  mineral  alkalis,  replied  rhat,  at  any 
rate,  it  was  firft  properly  defined  by  Stahl.  See  G.  E.  Stablii  Fund  a - 
menta  Chymia  dogmatic at  et  experimentalise  Norimbergre.  1746.  3  voh 
410..  III.  p.  268  and  304. 

+  Lemery  Volffommene  Chymift.  Drefden  und  Leipzig,  1734*  2  vol. 
Svo.  I.  p.  512. 
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Sciences*;  and  the  latter  communicated  his  to  Sir  Hans 
Sloane,  who  caufcd  them  to  be  printed  in  the  Philofophical 
Tranfadtions  f .  I  flia.ll  here  obferve  that  chulzj  has 
allerted  falfely  that  Neumann  made  known  the  compofition  of 
Seignette’s  fait  in  his  Treatife  on  Saltpetre;  for  Neumann's 
Jal  poly chr eft  is  effcntially  different ;  and  he  himfelf  con- 
feffes§  that  he  was  not  acquainted  with  the  Rochelle  fait. 
After  the  above  period,  the  nature  and  properties  of  the  mi¬ 
neral  alkali  were  examined  with  more  accuracy  by  Grofle, 
Duhamel,  Brand  (a  Swede),  and  feveral  others  ||. 


XIV.  On  the  Proportions  of  Charcoal,  or  Oxydof  Carbon ,  con¬ 
tained  in  certain  Kinds  of  JVood  and  in  Pit -  Coal ;  and  on  a 
Carburet  of  Sulphur  newly  dif covered.  By  M.  Pn  o  u  s  T 

CAREEN  oak  yields  of  charcoal  20  percent . ;  wild  afh 
17  ;  willow  17  ;  white  afli  17  3  pine  20;  heart  of  oak  19; 
black  afli  25  ;  guaiaeum  24  per  cent.:  but  all  good  pit-coals, 
afford  70,  75?  or  8°  per  cent,  of  carbonaceous  matter  > 
and  there  are  fome  kinds  which  exhibit  no  figns  of  contain¬ 
ing  hydrogen;  and  which  burn  without  either  flame  or 
fnioke. 

This  abundance  of  carbonaceous  matter  yielded  by  pit- 
coals  docs  not  depend  on  their  containing  a  larger  proportion 
of  earth;  for  good  pit-coal  yields  as  fmall  a  proportion  of 
afhes  as  dried  pine-wood.  The  pit-coal  of  Afturi-a  and 
Andalufia  yields  only  2  or  3  per  cent,  of  allies  ;  that  of  Eftre- 
tnadura  not  more  than  6  or  7  per  cent. 

Befides  the  known  products  obtained  from  the  diftillatioa 


'*  Memoir es  de  V Ac adem.  des  Sciences,  Annee  1 731,  p.  124, 
f  No.  CCCCXXXVI.  p.  3-. 


j  ChemiTchen  Vcrfucherp  Halle,  1745.  ^V°.  p.  50. 

§  Neumann’s  Chymie  nach  KeiTels  aufgabe.  I.  3.  p.  160; 
j|  An  account  of  the  principal  writings  on  Seignette’s  fait  may  be  found 
In  Weigel's  Cbymie,  Griefs wa Id,  1777,  ivol.8vo.il.  p  22;.  See  alfo 
Georgii  Liidov.  Enckelmann  Dip.  de  Sale  Alkali  de  $iignette,  ejufque.  Naiura, 
ej  Ufu.  Argentorati,  1756.  4m.  ' 
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of  pit-coals,  I  have  reafon  to  believe  that  they  contain  ? 
fmall  portion  of  fuccinic  acid.  The  collected  products  from 
30  lb.  of  pit-coal  afforded  me  about  one  dram  of  a  particular 
fait,  which,  by  its  friiell,  indicated  the  preience  of  that 
acid. 

But  what  more  particularly  arrefied  my  attention  in  the 
analyfes  of  pit-coal  was  a  very  peculiar  combination  of  fome 
of  the  carbonaceous  matter  with  a  portion  of  fulphur,  and 
where  pyrites  was  not  prefent.  A  coal  in  the  vicinity  of 
Almaden,  in  Eftremadura,  which  contains  no  pyrites,  yields 
very  white  allies,  and  from  which  no  fulphur  can  be  ob¬ 
tained  by  diffillation,  exhibits,  however,  as  it  paffes  from 
mcandefcence  to  incineration,  proofs  of  containing  fulphur, 
which,  becoming  ,oxydated  along  with  the  coal,  makes  it 
fenfible  to  the  fmell.  A  peculiar  carburet  of  fulphur  there¬ 
fore  exifts  in  this  coal  5  but  combuftion  is  necefiary  to  its 
decompofition.  Expofed  to  the  greatell  heat,  this  coal  neither 
difcolours  filver,  nor  affects  iron  in  the  forge. 

This  lingular  phenomenon,  happily  perhaps  for  the 
arts,  is  one  of  the  caufes  which  fo  beneficially  retard  or  pro¬ 
long  the  combufiion  of  pit-coal.  Phofphorus  combined 
with  charcoal  is  much  lefs  combuftible  than  when  alone  : 
neither  the  contaft  of  atmofpheric  air,  nor  even  the  com¬ 
bined  action  of  alkalis  and  water,  is  fufficient  to  fepa- 
rate  phofphorus  ’from  its  combination  with  carbon.  From 
the  difficulty  with  which  the  carbonaceous  portion  of  ani¬ 
mal  fub fiances  is  burnt,  the  fame  inference  may  be  drawn 
refpe&ing  fulphur ;  for  fulphur  is  known  to  ex  iff  in  a  con- 
fiderahje  proportion  in  animal  fuhfiances.  Wool,  unquef- 
tionably,  contains  much  fulphur,  but  none  paffes  over  when 
that  matter  is  cfi {tilled.  Where  then  can  it  remain,  if  not  in 
union  with  the  carbonaceous  refiduum  ?  That  refiduum 
fliould  be  examined  with  a  view  to  this  point.  One  thing  is 
certain,' that  foap  of  wool,  prepared  in  a  filver  veffel,  deeply 
fulphurates  its  interior  fut  face. 


XV.  Let* 
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XV.  Letter from  A.  M.  Vasalli-'Eandi  to  J.  Buvina* 
LrofeJJbr  of  Medicine  in  the  \Jniv erjily  of  Turin,  on  Animal 
Electricity* . 

rp 

1  HE  eleCtric  phenomenon  which  you  obferved  in  my 
electrometer,  placed  on  the  back  of  a  difeafcd  animal  at  the 
moment  of  its  being  attacked  by  a  fit  of  fhivering,  appears 
to  me  to  be  a  neceffary  confequence  of  the  general  theory 
of  eleCtricity,  and  of  the  modifications  which  it  experiences 
in  the  animal  economy.  The  following  is  the  manner  in 
which,  I  think,  I  have  proved  in  my  letter  on  the  origin  of 
animal  electricity,  that  man,  in  the  date  of  health,  like  all 
other  animals,  has  parts  pofitively  eleCtric,  while  others  are 
negatively  fo. 

It  appears  that,  in  the  animal,  the  negative  part,  that  of 
the  excretions,  is  not  fo  ftrong  as  the  potitive  part,  that  of 
the  blood.  But  if  the  change  of  the  animal  economy  de- 
ltroys  the  natural  boundaries  of  electricity  in  the  body,  on 
account  of  the  tendency  of  the  latter  to  bring  itfelf  into 
equilibrium,  it  ought  to  efcape  and  to  in  an  i  fed  itfelf  exaCt.lv 
at  the  moments  when  the  boundaries  are  deftroved  +  ;  that 
is  to  fay,  when  the  virus  changes  the  internal  parts,  which 
is  proved  by  the  fits  of  fhivering :  fear  and  other  violent  paf- 
fions,  as  they  change  the  animal  economy,  ought  alfo  to 
produce  the  fame  effeCt.  Thus  you  have  feen  the  firings  of 
my  electrometer,  placed  on  the  back  of  the  animal,  feparale 
from  each  other,  either  during  the  fits  of  {hivering;  occa- 
honed  by  a  contagious  difeafe,  or  during  thofe  produced  by 
fear;  you  fee  that  the  fame  theory  explains  alio  the  want  of 
electricity  which  you  obferved  in  difeafed  cats.  I  am  per¬ 
suaded  that  this  want  will  in  no  cafe  exift  till  the  difeafe  has 
continued  fevcral  days,  and  the  animal  economy  has  become 
deranged.  When  I  concluded  my  eleCtric  experiments  on 
water  and  ice  J,  I  repeated  them  on  ievcral  liquids,  .animals* 

*  From  the  "Journal  de  Phyfique ,  Pluviofe,  an.  8. 

*}-  Journal  de  Plyfque,  M  child  or,  an.  7. 

t  Me  movie  della  Soviet  a  Italiana.  Vol,  III. 

nr  * 

Z  g  and 


172  Chemical  and  Miner  a  logical  Nomenclature , 

and  vegetables,  as  well  as  on  different  preparations  of  water  T 
Urine  and  animal  humours  exhibited  to  me  the  -greateff 
de  gree  of  eleCtric  difference.  You  fee  then  that  my  opinion 
is  fupported  by  faCts.  As  I  have  found,  however,  that  the 
blood  of  thoie  labouring  under  an  intermittent  fever  is  (till 
pofitively  eleCtric*,  it  might  be  ufcful  to  afeertain  in  what 
difeafes,  and  at  what  degree  of  thofe  difeafes,  it  loles  its 
.electricity.  Might  not  the  electrometer  be  employed  to 
diftinguifli  defperate  difeafes,  and  be  ufed,  if  I  may  be  al¬ 
lowed  the  expreffion,  as  a  vitalitometer  ?  But  many  expe¬ 
riments  are  dill  wanting  before  we  can  reach  that  point  of 
perfection  in  the  fcience  of  electricity.  The  difeovery  of 
elebtricity  in  the  torpedo  feems  aftonifhing.  That  of  Co- 
tuffno,  who  received  an  eleCtric  fhock  from  a  moufe  which 
he  was  diffebting;  and  that  of  Tonfo,  who  had  one  from  a 
eat;  and  my  eleCtric  experiments  on  rats  feepi  conclubve. 
But  the  immenfity  of  nature  ftill  prefents  matter  for  new 
refearches  ;  and  at  prefent,  dnee  I  have  found  the  electricity 
of  the  blood  and  that  of  the  excretions  contrary,  I  fee  how 
much  remains  to  be  done  to  reduce  to  their  juft  value  the 
opinions  of  Gatdini,  Bertbolon,  Treflan,  and  Carlieu,  on  ani¬ 
mal  electricity.  You  have  purfued  the  beft  route,  which  is 
to  interrogate  nature  by  experiments.  Continue  to  do  fo, 
and  you  will  enjoy  the  fatisfaCtion  of  having  enlarged  the 
boundaries  of  fcience. 


XVI.  Of  Chemical  and  Miner alogical  Nomenclature.  By 
Richard  Kir  wan,  LL.D.  F.R.S.  and  P.R.I.A.  f 

'T  .  '  . 

JL  HE  names  o-iven  to  the  different  fubftances  known  in 

o 

common  life,  whether  occurring  in  nature  or  produced  by 
art,  are  coeval  with  languages  themfelves  ;  and  whether  all 
were  merely  conventional,  or  l'omc  of  them  grounded  on  fome 
relation  to  the  thing  fignified,  is  now  of  little  importance  to 
inquire,  as  from  long  habit  both  are  equally  immediately  re¬ 
ferred  to  the  thing  fignified,  without  any  reflection  on  the 

4  Journa'  cle  f  b.'Aqoe,  Gerrpinal,  an.  7. 
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Original  reafon  of  their  impofition.  Thus,  though  the  name 
barometer  was  originally  impofed  on  the  inftrunient  fo  called, 
becaufe  the  terms  that  compofe  this  name,  bar  os  and  metronf 
denote  its  ufe  in  meafuring  the  weight  of  the  atmofphere ; 
yet  the  name  is  juft  as  well  underftood  bv  thole  who  are  to- 
tally  unacquainted  with  its  etymology,  as  by  thofe  to  whom 
this  is  perfectly  known.  The  inftrument  itfelf,  and  not  its 
life,  is  denoted  by  the  name,  and  equally  occurs  to  both ; 
the  workman  who  knows  not  its  ufe,  knows  what  the  name 
immediately  fignifies  as  well  as  the  philofopher  who  employs 
it,  and  as  well  as  the  German  who  calls  it  a  fchwermejfcr , 
whofe  primitive  components  alfo  exprefs  its  ufe ;  nor  is  it 
better  underftood  by  either  than  the  name  J'creiu  or  febraube, 
which  cannot  be  reiolved  into  any  primitive  component  terms. 
Who,  on  hearing  the  Latin  name  of  a  book,  ever  thinks  of 
its  primitive  tignification — the  bark  of  a  tree?  Languages 
mult  have  been  invented  Iona:  before  either  chemiftrv  or  mi- 
neralogv  were  in  any  degree  cultivated.  In  both  the  analytic 
and  fynthctic  branches  of  chemiftrv  as  well  as  mineralogy,, 
many  fnbftances  in uft  have  occurred,  to  which,  in  common 
language,  no  name  was  applied,  yet  the  neceffity  of  denoting 
them  by  fame  name  was  urgent.  Here,  then,  a  difficulty 
occurred,  which  fome  fought  to  furmount  by  a  name  arbi - 
trarily  impofed,  others  by  names  derived  from  fome  real  or 
fanciful  relation  of  the  given  lubftance  to  fome  ufe,  objedt, 
perfon,  or  particular  quality  or  circumftance.  Thus,  in  che- 
miftry,  alcohol  appears  to  be  a  name  arbitrarily  impofed  on 
highly  rectified  fpirit  of  wine  or  very  fubtile  powder  .  Mer- 
curius  viUe  denotes  an  antimonial  preparation  of  great  effi¬ 
cacy,  as  hermes  mineral  does  one  that  refembles  that  fub- 
ftance  in  colour;  Glauber's  J'alt ,  a  particular  fubftance  hr  ft 
formed  by  Glauber;  Epfom,  a  fait  firft  difeovered  in  the 
fprings  near  that  town,  & c.  So  in  mineralogy,  quart z 
feems  to  be  a  name  arbitrarily  impofed  ;  and  /'path ,  a  name 
originatino-  from  the  refemblance  of  the  integrant  lamella  to 
a  blade;  and J'elenite ,  from  fome  fictitious  refemblance  to  the 
moon.  The  etymology  of  thefe  names  was,  however,  foori 
forgotten  or  not  attended  to,  and  coniequently,  fitch  of  them 

*  Some  derive  it  from  the  Arabic  kahala  ex.muit, 
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as  con  fitted  of  only  one  word,  not  evidently  denoting  foriie 
Culfe  relation,  might  without  inconvenience  be  admitted; 
but  in  procefs  of  time  defcriptions  were  admitted  inftead  of 
names,  and  thefe  often  falfe  or  abfurd,  as  Jal  mirabile ,  jal 
fecretum ,  arcanum  duplication ,  arcanum  corallinum ,  8ec. 
The  inconvenience  and  evident  impropriety  of  many  of  thefe 
defoliations  at  latt  attracted  the  attention  of  thole  eminent 
philofophic  chemifts,  Bergman  and  Morveau.  Morveau,  io 
early  as  the  year  1782,  publiflied  an  excellent  memoir  on  this 
fubjeCl  in  Rozier’s  journal,  and  his  fentiments  met  with  the 
entire  approbation  of  Bergman.  The  new  denominations  he 
fought  to  introduce,  foon  however  gave  way  to  the  more 
exquifitely  deviled  fvttcmatic  appellations  grounded  on  the 
.difcoveries  of  Lavoitter,  and  the  total  elimination  of  the  phlo- 
giftic  element  formerly  admitted.  Thefe,  in  the  formation 
of  which  Morveau  alfo,  in  concurrence  with  a  few  of  the 
aioft  eminent  Parifian  chemifts,  bore  a  confiderable  part, 
were  fince  admitted  and  recognised  by  mod  European  che¬ 
mifts,  and  particularly  in  England.  The  exceptions  that  ap¬ 
peared  to  me  reafonable  to  the  general  rules  laid  down  by 


this  highly  refpeetable  affociation,  or  to  iome  of  the  terms 
they  introduced,  I  thought  of  too  little  confequence  to  men¬ 
tion,  knowing  that  the  few  antient  denominations  I  retained, 
and  the  ttill  fewer  new  ones  I  introduced,  were  perfectly  in¬ 
telligible;  nor  fhould  I  attempt  at  prefent  to  vindicate  them, 
had  I  not  perceived  they  attracted  the  cenfure  of  many  on 
whole  efteem  I  let  the  higheft  value.  Tims  circumftaneed, 
]  feel  myfelf  juftified  in  examining  the  general  propriety  of 
thofe  rules  and  affirmed  principles  from  which  I  thought 
proper  to  deviate,  and  of  the  denominations  which  I  reject. 

The  firit  principle  laid  down  by  M.  Morveau  is,  <c  that 
phrafes  are  not  a  name ;  that  fubttanc.es  and  chemical  pro¬ 
ducts  fhould  be  denoted  bv  names  fit  to  indicate  them  on 
every  oegafion,  without  having  recourfe  to  circumstances : 


p.  373.  To  this  principle  J  give  my  entire  alien t. 

Another  rule  laid  down  by  M.  Morveau  is,  <c  that  in 
cbooftng  denominations  we  (hoidd  prefer  thofe  which  have 
iheir  roots  in  the  dead  languages  more  generally  known,  in 
order  that  the  fenfe  fhould  fuggeft  the  name,  and  the  name 
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the  fenfe.”  It  is  for  this  reafon,  combined  with  the  fir  ft, 
that  I  prefer  (ingle  names,  already  underftood,  and  well 
known  by  all  tnofe  that  have  attained  any  knowledge  of 
chemiftry,  to  new  names  derived  from  the  Greek  or  new 
unknown  barbarous  Latin  names.  Hence  I  prefer  the  term 
hepar ,  denoting  in  all  chemical  authors  a  combination  of 
fulphur  to  every  balls  except  a  metallic,  to  the  barbarous 
unknown  Latin  term  fulphuret\  and,  with  refpedt  to  metals, 
I  prefer  the  well  known  terms  pyrites  and  galena ,  to  the 
newlv-devifed  fulphuret  of  iron ,  or  copper ,  ox  lead)  the  former 
has  the  advantage  of  denoting  the  particular  fpecific  combi¬ 
nations  of  fulphur  with  iron,  copper,  arfenic,  or  cobalt,  and 
of  excluding  not  only  other  fulphurated  metals  that  do  not 
give  fire  with  fteel,  as  the  vitreous  filver  ore,  fulphurated  anti¬ 
mony,  or  lead,  cinnabar,  blende,  fulphurated  bifmuth.  See.; 
but  alfo  fuch  compounds  even  of  copper  and  fulphur  as  do  not 
give  fire  with  fteel,  as  the  vitreous  copper  ore  and  the  gray 
copper  ore,  and  the  purple.  On  thefe,  and  many  other  confe¬ 
derations  which  will  prefently  he  mentioned,  I  hope  the  inge¬ 
nious  Mr.  Mufhet  will  recall  his  wifh  that  I  had  modelled  my 
Nomenclature  on  the  principles  of  the  French  fchool.  Phil. 
Mag.  II.  p.  156.  C.  Faujas,  though  of  that  fchool,  remarks 
that  thefe  ufual  names  (when  other  wife  faultlefs)  cannot,  with¬ 
out  great  inconvenience  be  changed  for  others  either  eru¬ 
dite  or  barbarous.  Journal  des  Mines,  XXXV.  p.  894.  Nor  is 
his  opinion  in  the  leaft  invalidated  by  the  note  of  C,  Coque- 

This  puts  me  in  mind  of  fome  Latin  purifts  who  change  known 
modern  names  into  what  they  efteem  purer  Latin  ones.  Thus,  inftead 
of  canccllarius,  they  fay  praf edits  juris ;  and  for  which  Lipfius  Not.  ?d 
Lib.  I.  Politicorum  cap.  9.  juftly  cenfures  the  hi  dorian  Paulus  iEmilius. 
“  Vetuftatis  etiam  nefcio  quid  afTcdlat  in  nominibus  hominum,  locorutn, 
vrbium  immutandis  et  in  veterem  formam  redigendis,  fiepe  erudite,  in- 
terdum  vane,  fed,  ut  ego  judico,  Temper  indecore,  quorfum  char tier im , 
Gallorum  cancellarius,  quadrigarius  mini  fit  r  et  ille  ipfe  canceilarius  ap- 
pellatur  prefail  us  juris?  et  ubique  Rex  Tarraconevfis ,  qui  nobis  et  raa- 
joribus  fuit  Arragonise?  talia  iniinita  funt  audailer  et  ambitiofe  innovata  et 
cum  fraude  pariter  ac  cruee  le£toris.M  The  Greek  and  Roman  hiftorians 
were  frequently  guilty  of  the  fains  fault,  which  occaficns  at  this  day  much 
perplexity. 
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bert,  who  afierts  that  the  new  are  more  exaft,  fonorous* 
and  fionilicative  :  for  any  term  is  ex  a  61  and  ftgniticativ^ 
when  it  denotes,  without  obfcurity  or  ambiguity,  the  thing 
Signified  ;  and  as  to  found,  it  may  deferve  attention  in  poetry, 
but  furely,  if  not  exceedingly  uncouth,  it  deferves  none  in 
feienec.  He  acknowledges  that  thefe  alterations  may  caufe 
fome  embarrathnent  to  the  prelim t  race  of  men,  but  thinks 
that  fucceeding  generations  will  blefs  thofe  that  introduced' 
them.  I  think  on  the  contrary  that  they  will  curfe  them,  for 
obliging  them  to  learn  both  the  new  and  the  old  denomina- 
lions  under  the  penalty  of  not  underftandilig  Stahl,  Henckel, 
Margraf,  Lemerv,  Geoffrey,  Duhamel,  Macquer,  Bergman, 
Seheele  and  many  others  of  the  hio-heft  merit.  Can  any  one 
be  fo  arrogant  as  to  pretend  that  thefe  immortal  authors  can 
become  unintelligible  without  prejudice  to  the  fcience?  Is 
it  poffible  that  muficians  fhould  judge  more  fhrewdly  than 
thofe  who  profefs  to  be  philosophers  ?  Yet  thefe  have  reje&ed 
all  the  modern  alterations  of  notation  that  have  been  propofed 
to  them,  though  attended  with  fome  advantages,  from  the 
tingle  confideration  that,  if  new  modes  were  adopted,  the  in¬ 
imitable  competitions  of  the  la  ft  and  prefen  t  age  would  either 
foon  become  unintelligible,  or  the  arduous  tails:  of  learning 
both  methods  of  notation  would  be  impofed  on  all  fucceeding 
generations.  I  am  not  however  for  the  total  exclufion  of  the 
term  fulpburct ;  let  it  be  employed  to  denote  the  compofitiotl 
of  fulpftur  with  any  bafts  in  general,  whether  alkaline^ 
earthy,  metallic,  oleaginous,  fpirituous  or  carbonaceous ;  in 
this  molt  extenfive  fenfe  the  old  nomenclature  fupplied  no 
term,  and  yet  fome  name  was  wanting;  in  this  fenfe  there¬ 
fore  it  may  be  retained. 

Another  general  maxim  advanced  by  AL  Morveau  is,  that 
tc  the  denomination  of  a  chemical  compound  is  neither  clear' 
nor  exa6t  except  it  expreftes  by  names  conformable  to  their 
nature  the  ingredients  that  enter  into  that  compound/’  This 
maxim,  unhappily  too  ealily  adopted  by  the  French  fchool, 
tends  to  the  fubverlion  of  the  received  language  feiences, 
and  even  of  common  life.  By  this  rule  we  are  to  banifft 
the  name  uniter,  and  .inftead  of  it  fubiutute  its  component 

ingredients 
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ingredients  hydrogenated  oxygen  or  oxygenated  hydrogen*  ; 
&nd  inftead  of  ice  we  are  to  fay  decahricated  hydrogenated 
exygen,  and  for  fleam ,  caloricated  hydrogenated  oxygen.  Irj- 
ftead  of  common  foap  we  are  to  fay  oleaginated  foda ,  and  for 
glafs,  Jilicited  alkali ,  &c. 

The  French  chemifts  it  is  true  retain  the  name  foap ,  hut 
in  contradi£tion  with  their  own  principles ;  for  they  furely 
cannot  in  this  word  difeover  the  rad' cals  or  its  com  poll  non. 
Nay,  Lavoilier  retains  the  old  word  nitre  and  fait  petre  con¬ 
jointly  with  that  of  nitrat  of  potajh.  (fee  his  Trcatife  of  Che- 
miftry,  vol.  L  p.  79  and  23,2,  French)  and  yet  they  difap- 
prove  of  my  retaining  a  few  of  the  antient  denominations 
that  were  as  well  known  -to  ail  chemifts  a 3  the  names  foap  or 
gl-  fs  in  the  language  of  common  life,  fuch  as  Glauber ^  Ep- 
fom ,  and  Sylvian  (rejecting  only  the  term  fait  ufually  tacked 
to  them ;  but  evidently  fuperfluou3)  ;  alfo  felenite,  gypfum, 
borax  and  alum — -thefe  I  retain  for  two  reafons;  firft,  becaufe 
they  exprefs  their  refpedfive  objects  by  a  Jingle  name,  which 
appears  to  me  a  coniiderable  advantage,,  and  fecondly,  be¬ 
caufe  thofe  names  continually  occur  in  all  treatifes  of  che- 
miftry  publifhed  before  the  year  1790,  and  in  many  fincey 
and  confequently  mult  be  known  by  all  who  with,  to  under¬ 
hand  them. 

Morveau  and  the  French  fchool  in  general  reject  the  names 
of  inventors,  “  as  having  no  conformity  either  generic  or  in¬ 
dividual  with  things  i”  and  for  the  fame  reafon  they  {hould 
reject  the  names  Alexandria  and  Confantinoplc  derived  from 
the  founders  ;  and  in  general,  by  the  fame  rule,  all  names 
of  places  (hould  be  changed  for  fuch  as  would  exprefs  their 
fituation.  Is  it  not  therefore  evident,  when  the  ftgnifi- 
cation  of  names  is  already  fixed  and  generally  known,  that 
they  (hould  be  retainedf,  the  inconvenience  of  .  rejecting 
them  being  far  fuperior  to  any  advantages  propofed  by  the’ 
change  ?  Yet,  ftratige  to  tell,  they  object  to  a  few  new  names 
Which  I  introduced  in  mineralogy,  though  exadbly  founded  on 
their  own  principles,  and  riot  attended  with  any  inconve- 

*  Fourcroy  ex  pro  is  ly  fays  water  may  be  called  oxyU  of  kydiogen .  See  St. 
John’s  Method  of  Nomenclature,  p.  64. 

f  19  Roz.  p.  374. 
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nience,  as  they  denote  objedts  not  known  by  any  denomi¬ 
nation  previoufly  aligned  to  them,  and  even  poffeffing  pe¬ 
culiar  properties  of  great  importance.  Thus  they  difapprove* 
of  the  name  muricalcite ,  a  name  which  I  thought  proper  to 
heftow  on  fuch  limeftones  as  contain  a  notable  proportion 
of  magnefia;  and  baryto-calcyte  on  inch  as  contain  a- notable 
proportion,  of  barytes;  thefe  ftories  having  been  diftinguifhed 
by  no  name,  and  thefe  new  names  being  in  conformity  with 
the  principles  of  the  French  fchool  derived  from  and  grounded 
on  their  component  ingredients. 

Mr.  Tennant  has  ftnce  fnown,  in  an  important  paper  in 
the  Philofophical  Tranfadtions  for  1799,  the  evident  neceffity 
of  diftinsfuifhincr  thefe  muricalcitcs  from  common  limeftones, 
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with  which  they  have  always  been  confounded;  and,  from, 
the  deleterious  properties  which  barytic  lime  water  poflefles, 
it  is  evident  that  the  limeftones  that  contain  any  proportion 
of  barytic  earth  cannot  without  danger  (fometimes  to  human 
life)  be  confounded  with  common  limeftones.  The  hone 
which  the  Germans  without  any  inconvenience  called  apatite , 
approaching  in  our  language  too  nearly  the  word  appetite ,  f 
have  called  phojphorite  to  mark  its  compotition ;  but  as  the 
phofphoric  acid  has  alfo  been  detedfed,  or  at  leaf;  fufpecled, 
in  competition  with  argil,  to  diftinguifh  this  compound  from 
the  former  I  call  \t  pbofpholite,  a  name  better  fuited  to  it 
than  that  of  Vjalentia  garnet ,  by  which  it  was  formerly  de¬ 
noted — a  change  attended  with  no  inconvenience,  as  the 
Tone  itfelf  was  known  in  no  part  of  Europe  but  Spain.  To 
thefe  denominations  they  objedt  their  monotonous  termina¬ 
tions  ;  but  thefe  terminations  are  beft  fuited  to  our  language ; 
they  do  not  recoiled!  that  the  terminations  in  at,  as  nitrats, 
fulphats ,  muriats ,  carlonats,  phofphats ,  oxalafs,  &c.  &e. 
are  equally  monotonous  in  theirs.  They  think,  or  rather 
magifterially  decide,  that  minerals  fhould  be  denoted  by 
the  fame  name  as  fimilar  chemical  compounds;  a  rule  that 
might  be  admitted  if  fuch  minerals  were  not  previoufly  gene  - 
rally  known  by  other  tingle  appellations,  and  if  their  com¬ 
petition  was  perfectly  fimilar  to-  analogous  chemical  com¬ 
pounds.  But  in  the  firft  place  >feveral  minerals  are  already 
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generally  known  by  peculiar  proper  denominations  ;  for 
inflance,  cinnabar ,  furely  a  more  convenient  name  than 
the  drawling  new  name  fulphurated  red  oxyd  of  mercury  ; 
and  in  the  next  place  they  fhould  confider  that  chemi¬ 
cal  compounds  being  artificial  productions  may  contain 
only  thofe  ingredients  which  their  compound  names  im¬ 
port.  But  minerals  whofe  principal  competition  is  ana¬ 
logous,  often  contain  other  fubftances  a  ho,  which  the  new 
chemical  name  would  not  exprefs,  and  would  thus  lead 
to  important  mi  (takes.  Thus,  for  inftance,  phofphorite  is 
commonly  contaminated  with  filex,  aerated  lime,  muriated 
lime  and  iron,  and  fometimes  with  manganefe  and  fiuor; 
whereas  the  analogous  chemical  compound  on  which  the 
name  phofphorated  lime  is  properly  impofed,  is  free  from 
fuch  contaminations.  Subftances,  therefore,  fo  different, 
fhould  certainly  be  diftinguifhed  by  different  names,  or  at. 
lead  the  word  natural  or  native  muff  be  tacked  to  the  name 
of  the  chemical  compound  5  and  though,  with  refpeCl  to  fof- 
file  metallic  chemical  compounds,  this  inconvenience  may 
often  be  avoided  by  the  addition  of  the  word  ore ,  yet  here 
alio  the  antient  name  often  exprefles  fome  other  inherent 
property  ;  thus  the  term  vitreous  added  to  filver  ore  denotes 
not  only  the  compofition,  but  alfo  the  eafy  fufibility  of  that 
particular  ore. 

[To  be  continued.] 
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New  Obferv aiions  concerning  the  Colours  of  thin  tranfparcnt 
Bodies,  Jhowing  thofe  Phenomena  to  he  Inflections  of 
Light ,  &?c.  Cadell  and  Davies,  Strand,  1800. 
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JL  HESE  Obfervations  are  by  the  author  of  two  treatifes 

on  the  Origin  of  the  Diverflty  of  Colours  in  the  Rays  of 
Eight,  and  on  the  many-coloured  Corona  occafionally  ap¬ 
pearing  round  the  Sun  and  Moon;  of  which  the  leading 
principles  have  been  hated  in  former  Numbers  of  the  Philo- 
fophical  Magazine. 

The 
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The  object  of  the  prefent  treatife  is  to  explain,  in  a  man¬ 
ner  confident  with  the  leading  principle  formerly  advanced 
by  the  author,  another  important  clafs  of  the  phenomena  of 
light  and  colours. 

Sir  Ifaac  Newton  has  reprefented  the  fmalleft  parts  of  all 
natural  bodies  as  tranfparent,  He  fuppofes  thofe  parts  to  be 
placed  in  a  medium,  inferior  in  rcfraCtive  power  to  them- 
felves.  Thofe  bodies  are  in  his  eflimation  tranfparent,  which 
conftft  uniformly  of  the  fmalleft  parts  and  the  fmalleft  inter¬ 
mediate  fpaces  s  thofe  are  black,  which  have  their  integrant 
parts  and  the  intervening  fpaces  of  a  fize  fomewbat  greater: 
fuch  as  are  varioufly  coloured  conftft  of  parts  larger  than 
thofe  of  either  tranfparent  or  black  bodies.  The  rays  of 
light  are,  in  his  judgment,  difpofed,  by  a  natural  indeftruc- 
tible  quality,  to  be  alternately  tranfmitted  through  oppofing 
media,  and  reflected  from  them.  By  this  quality,  the  tranf- 
miflions  of  light,  its  refractions  and  its  reflections,  appeared 
to  him  to  be  in  all  cafes  regulated. 

The  author  of  this  treatife,  on  the  contrary,  denies  that 
the  minuted:  integrant  particles  of  bodies  are  known  to  be 
tranfparent;  that  there  exift  within  bodies  any  fuch  refrac¬ 
tive  media  furrounding  their  parts  as  Newton  has  imagined; 
that  refraction  and  reflection  depend  in  any  meafure  on  the 
arrangement  and  conformation  of  the  parts  of  bodies,  which 
Newton  fuppofes;  or  that  light  is,  by  a  myflerious  natural 
quality,  difpofed,  by  tunas,  to  eafy  tranfmiflion  and  to  eafy 
reflection. 

He  maintains,  that  all  the  phenomena  which  Newton  has 
thus  erroneoufly  explained,  are  only  fo  many  different  cafes 
of  the  inflection  of  the  particles  of  light  by  the  attractions  of 
bodies  approaching  them.  According  to  him,  as  it  fhould  / 
feem,  light  is  never,  in  any  circumftances,  made  to  exhibit 
a  diverfity  of  colours  in  its  rays,  otherwife  than  by  the  points 
or  edges  of  approaching  bodies  exerting  on  it  an  altraCtivg 
force  fufficient  to  deftroy  the  natural  conflftency  of  the  whole* 
or  at  lead  a  part,  of  the  white  ray.  Refraction  and  reflection 
depend  upon  no  peculiar  qualities  in  light,  but  Amply  on  the 
attraction  exercifed  upon  it y  according  to  the  general  laws ,  by 
other  bodies  with  which,  in  various  circumftances,  it 
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comes  in  contaft.  He  has  made  feveral  ingenious  experi¬ 
ments,  which  are  in  this  treatife  related  in  detail,  and  of 
which  the  common  refult  Teems  forcibly  to  fuggeft  thocon- 
clufion  which  he  thinks  that  he  has  eftablilhed,  Much  of 
the  treatife  is  employed  in  pointing  out  the  errors  as  to  fa&, 
and  the  fallacies  of  induction,  which  appear  in  the  explana¬ 
tions  by  Sir  Ifaac  Newton,  concerning  this  part  of  the  fcience 
of  optics. 

To  fay  the  truth,  we  find  the  fa&s  and  reafonings  in  this 
effay  fomewhat  lefs  fatisfa&ory  than  thole  in  its  author’s  two 
former  elfays.  It  is  probably  the  true  principle  which  he 
has  difeovered  :  but  he  does  not,  in  this  inftance,  fee  it 
clearly ;  he  only  gropes  at  it,  as  it  were,  in  the  dark.  Per¬ 
haps,  however,  nqt  the  author,  but  the  dullnefs  or  impatience 
of  the  reviewer,  may  here  be  chiefly  in  blame. 

Sr . . v-.-  ■  ■:  •  •  '  -  ' 
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LEARNED  SOCIETIES . 

ROYAL  SOCIETY  OF  LONDON. 

On  Thurfday,  Nov.  6,  this  learned  and  ufeful  body  held 
their  firft  fitting  fince  the  long  vacation,  when  the  commence¬ 
ment  of  Dr.  Herfchel’s  Second  Part  of  his  Inquiry  refpe&ing 
Heat  and  Light  was  read, 

On  the  13th  the  Society  occupied  itfelf  in  reading  the  con-- 
clufion  of  Dr.  Herfchel’s  paper,  which  contains  a  detail  of  a 
number  of  moft  interefting  experiments  relative  to  the  dif¬ 
ferent  quantities  of  heat  and  light  tranfmitted  through  various 
fubftances  and  through  different  coloured  glafles.  From 
Dr.  Herfchel’s  experiments  it  appears  that  red  glafs  allows 
moft  heat  and  leaft  light  to  pafs  through.  One  experiment 
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•is  detailed,  which,  though  he  fays  it  was  coarfefy  conducted, 
leads  him  to  conclude  that  the  focus  of  heat  fells  at  the  dr- 
fiance  of  half  an  inch  from  that  of  light.  One  hundred  and 
feventy  experiments  are  recorded-  from  whence  he  concludes, 
that,  as  the  laws  of  the  motion  of  light  and  heat  are  elien- 
iially  different,  there  is  the  greateff  real  on  to  conclude  that 
they  are  not  the  feme  fluid, 

The  Croonian  lecture,  on  the  irritability  of  the  nerves,  hy 
Everard  Home,  was  begun  reading  the  feme  evening,  and 
concluded  at  the  following  meeting  on  the  goth.  In  this 
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paper  Mr.  Home  denies  the  by  pot  beds  of  a  peculiar  nervous 
fluid. 

SOCIETY  OF  ANTIQUARIES. 

'  Thurfday,  Nov.  6,  the  Society  met  for  the  firff  time  fincc 
the  fummer  vacation ;  on  which  evening,  and  on  the  13th 
and  goth,  feveral  very  curious  fragments  of  the  paintings  from 
the  walls  of  St.  Stephen’s  chapel,  reprefenting  various  fub- 
jedis  from,  the  hooks  of  Job  and  Tobit,  were  exhibited;  and 
a  very  curious  memoir  on  the  fobjeCt,  by  their  learned  Se¬ 
cretary,  was  read.  The  President  add  relied  the  Society,  and 
informed  them  that  the  Society  had  appointed  a  committee 
for'  the  purpofe  of  fupermtending  the  execution  of  drawings 
which  were  making  of  all  the  curious  remains  that  have  been 
d  recovered  during  the  alterations  that  were  carrying  on  at 
St.  Stephen’s  chapel,  and  which  of  late  had  excited  fueh 
general  curiofity  among  all  claffes  of  people. 

SOCIETY  OF  NATURAL  HISTORY  AT  PARIS. 

•  C.  Haiiy  lately  read,  before  the  Society  a  note  on  the  ervf- 
fash  Tattoos  of  iron  ore.  'Hie  intended  publication  of  a  treatife 
on  mineralogy  hv  this-  author  having  induced  him  to  revife, 
with  great  care,  what  he  had  written  on  cryftailifaticm,  he 
found  that  he  had  rectified  only  in  part  the  incorredtnefs  into 
which  he  had  fallen  in  regard  10  the  crvltalline  forms  of  iron 
ore.  ' 

JTe  had  already  announced,  in  an  extract  from  his  treatife, 
that  the  cryflals  of  volcanic  iron  were  not-  fegments  of  the 
regular  oetaedron,  as  believed,  and  that  the  difference  be¬ 
tween  their  angles  and  thofe  of  thefe  fegments  was  more  than 
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I  a  aegrees.  He  has  Ance  found  that  they  have  for  their  pri¬ 
mitive  form  a  rhomboid  iomewhat  acute,  in  which  the  angh 
of  the  fummit  is  about  8y  decrees. 

Buthe  thought  alfo,  with  all  othernaturalifts, that  the  cry  dais 
of  the  iron  ot  the  i hand  of  Elba  were  derived  from  the  cubic 
form  ;  and  he  had  referred  to  that  form  that  of  the  cry  Hals  of 
F  ram  out  in  dodecaedra  compofed  of  two  right  pyramids  in¬ 
complete.  He  had  always  been  ftruck,  however,  with  a  kind 
of  fmgularity  prelented  here  by  the  cubic  form  which  per¬ 
formed  the  flinch  ion  of  the  rhomboid  ;  that  is  to  fay,  that  it 
was  neceflary  to  fuppofe  an  axis'  pacing  through  the  two  op- 
polite  folid  angles,  which  were  to  be  con  fide  red  as  the  fum- 
niits,  and  the  laws  of  the  decrement  which  took  place  around 
the  fummits  were  different -from  thofe  which  related  to  the 
lateral  angles. 

He  was  (till  more  furprifed,  when,  having  lately  tried  to 
apply  theory  to  a  variety  of  the  iron  of  Framont,  which  he 
had  not  before  examined,  he  obferved  that  it  was  necefar^r 
to  fuppofe  it  to  re  lb  It  from  a  decrement  by  twenty  rows  on 
the  inferior  angles  of  the  primit  ive  cube,  in  order  to  have  re¬ 
fill  ts  corresponding  with  obfervaiion. 

This  law,  though  perfectly  adtniilible,  deviated  fo  mud* 
from  the  ufual  laws,  that  it  infpired  the  author  with  fufpicions 
refpebiing  the  cubic  form  itfelf,  and,  by  the  help  of  goniome- 
try,  he  mealbred,  for  the  fir  ft  time,  on  the  cry  Hals  of  the 
ifland  of  Elba,  the  mutual  incidence  of  the  primitive  faces; 
whereas  he  had  before  confined  himfelf  to  mealbring  that 
of  the  faces  produced  by  the  decrements,  either  among 
themfclyes  or  on  the  primitive  faces,  having  no  idea  that 
there  could  be  any  uncertainty  in  regard  to  a  form  which 
prefented  in  fo  fen  hide  a  manner  the  appearance  of  a  cube; 
and  the  more  fo  as  the  facets  by  which  it  was  modified  pre¬ 
vented  the  difference  from  being  obferved.  He  perceived 
that  this  form  was  a  real  rhomboid  fmiilar  to  that  of  volcanic 
iron ;  and  in  that  cafe,  this  law,  which  had  appeared  fo 
Angular  on  the  hvpothefis  of  a  cube,  gave  place  to  a  Ample 
law,  and  every  thing,  as  we  may  fay,  was  reduced  into 
proper  order. 

In  regard  to  the  varieties’ of  the  iron  of  the  iAand  of  Elba, r 
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he  found  no  change  to  be  made  in  the  old  laws;  becaufe  t!i<S 
fecondary  incidences  which  he  had  determined  in  the  flip- 
pofition  of  a  cube,  differed  only  half  a  degree  from  thofe 
re  fid  ting  from  the  rhomboidal  form.  This,  fays  the  author, 
is  one  of  thofe  .cafes  where  a  quantity  very  fenfible  of  itfelf 
is  diminifhetl  by  palling  into  certain  refults  which  depend 
on  it. 

It  arifes  from  thefe  refearches,  that  all  the  ifon  ores  which 
retain  a  metallic  appearance  may  be  reduced  to  two  kinds, 
very  diflinCt  from  each  other ;  one  of  which  contains  fub- 
ftanccs  that  cryftallife  in  regular  oCfcaedra,  fuch  as  the  iron 
of  Corfica;  and  the  other,  thofe  having  for  their  primitive 
form  a  rhomboid  fomewhat  acute,  as  the  iron  of  the  ifland 
of  Elba,  that  of  Framont,  and  that  of  volcanoes.  The 
firft  will  continue  to  be  diftinguifhed  by  the  name  of  oxi- 
dulated  iron,  and  the  fecond  will  be  called  oligijl  iron  ;  that 
is  to  fay,  little  abundant  in  iron  in  the  metallic  date.  It  is 
here  feen,  that  a  greater  quantity  of  oxygen  imprints  on  the 
primitive  form  a  character  entirely  peculiar,  by  making  the 
regular  oCtaedron  pafs  to  the  rhomboid;  and  this  feems  to 
indicate  two  very  diftinft  points  of  equilibrium,  which 
ehemiftry  no  doubt  will  determine  when  it  has  carried  the 
anaivfis  of  iron  ore  to  a  degree  of  correCtnefs,  fuited  to  that 
perfection  which  this  fcience  has  already  attained. 

PHILOMATIC  SOCIETY. 

C.  De  Sauffure,  the  foil,  read  lately  before  this  Society  a 
memoir  on  the  influence  which  the  foil  has  c,  .  certain  con- 
Hituent  parts  of  vegetables.  It  was  formerly  believed  that 
the  foil  had  no  influence  on  vegetables,  but  in  proportion 
to  the  faculty  it  poffeffed  of  retaining  a  greater  or  lefs  quan¬ 
tity  of  moifture ;  and  it  was  to  this  caufe  alone  that  the 
difference  between  the  abundance  and  iize  of  vegetables 
growing  in  calcareous  foil,  and  the  fame  qualities  in  thofe 
found  in  granitic  foil,  was  afcribed.  But  Sauffure  having 
remarked  that  the  animals  which  live  in  the  calcareous 
lands,  that  produce  thefe  vegetables,  were  larger,  fatter,  and 
gave  a  greater  quantity  of  milk,  richer  in  butyraceous  and 
eafeous  parts,  than  thofe  in  granitic  diffriCts,  conceived  an 
9  idea 
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idea,  that  there  muft  exift  between  thefe  vegetables  a  dif¬ 
ference  ftill  more  important,  and  which  ought  to  depend 
•more  on  the  nature  of  the  foil.  Sauffure  therefore  has 
made  a  feries  of  experiments,  with  a  view  to  afcertain  the 
difference  which  the  nature  of  different  foils  produces  in  the 
compofition  of  the  vegetables  which  grow  in  them.  That 
thefe  experiments  might  be  conclufive,  it  was  neceffary  to 
make  them  very  much  comparative,  that  is  to  fay,  to  take 
{he  fame  quantity  of  the  fame  vegetables,  of  the  fame  age, 
growing  under  fimilar  circumftances  or  in  the  fame  expo- 
fure,  at  a  diftance  from  the  courfe  of  ftreams,  and  beyond 
the  reach  of  cattle. 

It  was  neceffary  alfo  to  repeat  the  fame  experiments  a 
great  number  of  times  in  order  to  obtain  mean  refults,  and 
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to  approach  the  truth  by  multiplying  probabilities.  This 
C.  de  Sauffure  did.  He  began  by  analyfing  the  (tone  that? 
compofed  the  mountains  the  plants  of  which  he  examined. 
He  then  proceeded  by  the  ufual  chemical  means,  which  he 
describes  in  his  memoir,  to  analyfe  the  vegetables,  with  a 
view  to  afcertain  the  refpedtive  quantities  of  natural  water, 
charcoal,  earths,  and  falts  which  they  contained.  That  he 
might  obtain  more  general  refults  he  operated  on  different 
hinds  of  plants,  viz.  the  pinus  abies  5  pinus  larix ;  rhodo¬ 
dendron  ferrugineum ;  v  actinium  myrtillus  ;  juniperus  com¬ 
munis .  All  thofe  vegetables  which  belonged  to  granitic 
diftridts  contained  more  water  than  thofe  of  calcareous  coun¬ 
tries.  The  fmalleft  quantity  of  the  extreme  difference  was 
as  57  to  58,  cl  the  greateft  as  52  to  59.  Thefe  differences 
cannot  be  aferibed  to  the  quantities  of  water  which  might 
be  retained  in  the  mould  of  the  granitic  foil  and  that  of  the 
calcareous,  for  they  are  the  inverfe  of  thofe  preferred  hy  the 
vegetables  of  thefe  two  foils.  De  Sauffure  concludes  with 
Duhamel,  that  the  wood  of  calcareous  countries  is  prefer¬ 
able,  in  point  of  folidity,  to  that  of  granitic  countries. 

Proceeding  then  to  a  comparifon  of  the  quantities  of 
Charcoal  contained  in  vegetables,  Sauffure  remarks  how  dif¬ 
ficult  it  is  to  eft i mate  with  precifion  the  abfolute  quantities 
of  charcoal ;  the  relative  proportions  of  that  principle  can  at 
mo  ft  be  known  5  and  he  found  that  it  is  more  abundant  in  the 
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calcareous  vegetables;  fo  that  it  feems  to  fupply  the  place'  of 
that  quantity  of  water  which  they  had  lefs  than  the  granitic 
vegetables. 

Granitic  vegetables  being  more  aqueous,  ought,  according 
to  the  observations  of  Duhamel,  to  have  a  Softer  texture,  and 
Consequently  to  contain  more  allies.  The  incineration  of 
granitic  and  calcareous  vegetables  gave  differences  too  diffi¬ 
cult  to  be  appretiated  ;  but,  however  Small  they  might  be, 
they  appeared  to  confirm  this  observation. 

The  allies  furnifhed  by  incineration  having  been  carefully 
anal vfed,  Sauffure  found  in  thofe  of  calcareous  vegetables 
a  greater  quantity  of  that  earth,  and  much  more  filex  in  the 
granitic;  fo  that  the  afhes  of  the  calcareous  rhododendron 
in  ioo  parts  contained  57  parts  of  the  carbonat  of  lime  and 
5  parts  of  filex;  whue  thofe  of  the  granitic  rhododendron  con¬ 
tained  30  parts  of  carbonat  of  lime  and  14  parts  of  filex. 
1  his  great  difference  is  one  of  the  niofl  convincing  proofs 
of  the  influence  of  the  foil  on  vegetation.  As  the  lime-ftone 
of  mount  la  Salle,  where  Sauffure  collected  the  vegetables 
the  afhes  of  which  he  analyfed,  contains  filex,  this  che- 
mift  was  defirous  of  knowing  whether  vegetables  collect¬ 
ed  on  foil  entirely  free  from  that  earth  contained  any  of 
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it.  He  therefore  analyfed  the  afhes  of  fome  plants  which 
had  grown  on  lime-ftone  totally  free  from  filex,  in  the 
mountain  of  Reculeyvde-Thciry,  in  Jura,  and  found  in  one 
or  two  cafes  only  a  very  fmall  proportion  of  filex,  while  in 
the  afhes  of  the  vegetables  of  Breven  he  perceived  much 
more  calcareous  matter  than  that  mountain  could  furnifh. 
Sauffure  thence  deduces  this  geologic  conclufion,  that  ve¬ 
getables  cover  with  calcareous  matter  mountains  which 
have  a  bafe  of  filex,  while  the  inverfe  of  this  does  hot  take 
place. 

In  the  laft  place,  he  made  a  comparative  anralyfis  of  the 
mould  in  which  the  plants  of  Breven  and  thofe  of  Reculey- 
de-Thoiry  grew,  in  order  to  determine  the  relation  which 
ought  to  exift  between  that  mould,  the  foil,  and  the  allies 
of  vegetables  which  grow  in  it,  and  had  nearly  the  follow¬ 
ing  refults  :  The  mould  of  Breven  gave  60  of  filex,  14  of 
ikmffne,  rx6  of  lime,  kc.  That  of  Reculey-de-Thoiry,- 
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15  of  flex,  37  of  alumine,  23  of  carbonat  of  lime,  &c. 
It  mull  here  be  remarked,  that  neither  the  foil  nor  the  plants 
of  that  mountain  contained  any  appretiable  portion  of  filexf, 
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C.  Lacepede  read  a  memoir  on  the  ant-eater. 

A  memoir  was  read  by  C.  Beauvois  on  the  American  fox* 
and  the  rabbit  of  the  fame  country.  A  companion  of  the 
fkull  of  the  European  fox  with  that  of  the  American  fox, 
cams  virginiaiius  Gmel.,  as  well  as  of  the  European  rabbit 
with  that  of  America,  lepus  americanus  Gmel.  has  evi¬ 
dently  fhown  that  thefe  two  fpecies  have  been  improperly 
conlidered  by  Buffon  and  feveral  other  naturalifts  as  mere 
varieties  of  the  European  fpecies,  and  that  Erxleben  and 
Gmelin  were  authorifed  in  making  them  diftinCt  fpecies. 

Foxes,  like  the  dog,  bear,  badger,  and  feveral  other  ani¬ 
mals  of  the  family  of  the  fer<&,  have  on  the  top  of  the  head 
two  falient  lines,  which  proceed  from  the  pofterior  angle  of 
the  orbit  and  proceed  backwards.  In  the  European  fox  thefe 
two  lines  unite  at  the  future  of  the  frontal  bone,  where  they 
form  a  ridge  more  or  lefs  falient  according  to  the  age  of  the 
individual.  In  that  of  America  thefe  lines  are  three  times 
as  large  and  as  prominent;  inftead  of  uniting  at  the  frontal 
bone,  they  feparate  from  each  other,  and  extend  as  far  as  the 
occipital  ridge,  where  they  unite. 

The  lower  jaw  in  thefe  tw'o  animals  prefents  ftill  other  very 
fenfible  differences.  Each  branch,  which  in  the  European 
fox  appears  under  the  form  of  a  well-rounded  curve,  is 
llraight  in  the  American  fox,  and  forms,  with  the  afeending 
branches,  an  angle  of  nearly  1450. 

Differences  equally  ftriking  are  obferved  between  the  Eu¬ 
ropean  and  the  American  rabbits  in  the  elevation  and  thick- 
nefs  of  the  orbicular  apophyfis.  The  American  rabbit  never  . 
burrows,  like  that  of  Europe,  and  always  brings  forth  two 
young,  like  the  hare.  From  all  thefe  characters  it  appears, 
that  the  American  rabbit  is  an  intermediate  fpecies  between 
our  hare  and  our  rabbit. 

C.  Decandolle  communicated  fome  experiments  refpeCting 
the  influence  of  light  on  certain  kinds  of  vegetables,  Tb§ 
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pbject  which  the  author  firft  propofed  in  his  refearches  wa.s 
to  afcertain  the  influence  which  light  has  on  the  fleep  ot  the 
leaves  and  flowers  of  plants.  It  appears  to  the  author,  that 
^regular  vicjffitude  of  day  and  night  in  the  ordinary  courfe  of 
things  renders  any  refearches  in  this  refpedl  exceedingly  diffi¬ 
cult;  and  he  thinks  that  they  might  be  rendered  much  eafler 
if  vegetables  were  expofed  to  an  artificial  light,  continued  or 
combined  in  various  ways.  For  this  purpofe  he  placed  fix 
lamps  in  a  dark  cellar,  and  difpofed  them  in  fuch  a  manner 
that  the  illuminated  plants  had  only  about  66  or  67  degrees 
of  heat,  and  were  fheltered  from  the  fmoke.  Thefe  fix  lamps 
gave  a  light  equal  to  54  tapers.  The  experiments  which  he 
made  with  this  apparatus  are  as  follow : 

Muftard  (the  my  a  gram  fativum)  and  crefles,  fown,  reared, 
and  made  to  grow,  expofed  to  this  artificial  light,  had  a  fen- 
fibly  green  colour ;  but  their  ftalks  were  a  little  longer  than 
thofe  which  grew  in  the  open  air. 

The  leaves  of  different  plants  put  under  water,  and  expofed 
$0  the  light  of  thefe  lamps,  produced  no  oxygen  gas  for 
twenty-four  hours;  afterwards  they  putrefied,  and  formed  a 
deleterious  gas.  This  refult  is  not  aftonilhing,  for  fix  lamps 
are  not  equal  to  the  light  of  the  fun ;  and  it  is  well  knowu 
that  in  the  (hade  no  oxygen  gas  is  difengageci. 

Branches  of  the  lime-tree,  folanum  lycoperflcum ,  immerfed 
In  water  and  expofed  comparatively  to  the  light  of  thefe 
lamps,  an  obfcure  heat  of  69°  Fah.  and  the  open  gir  during 
night,  attradled  much  more  water  in  the  light  than  inobfcurity. 
Branches  of  the  oak  attracted  little  water  in  the  light,  and  a 
great  deal  when  expofed  to  heat.  Branches  of  the  fir  attracted 
very  little  in  the  light.  It  would  appear  that  this  element 
has  a  ftronger  adtion  on  vegetables  that  fhed  their  leaves 
than  on  evej- greens. 

The  cefiation  of  fudlion  and  of  tranfpi ration  during  the 
night  is  a  real  fleep  common  to  all  plants.  This  name, 
however,  is  given  to  a  particular  pofition  which  the  leaves 
and  flowers  of  certain  plants  aflurne  in  the  night-time. 

Linnseus  diftinguifnes  the  folar  flowers  into  three  clafles; 
the  meteoric ,  tropical ,  and  Equinoctial .  C.  Decandolle  is  of 
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flower  at  a  certain  hour,  and  perifh  at  a  certain  determined 
period,  which  never  exceeds  twenty-four  hours.  The  marvel 
of  Peru  ( mirabilis  jalapa )  when  expofed  to  the  light  of  the 
lamps  for  three  days,  continued  to  open  in  the  evening,  anrl 
to  clofe  together  in  the  morning,  nearly  at  their  accuftoined 
hour.  The  ca!e  was  the  fame  in  total  darknefs  :  but,  being 
expofed  to  the  light  of  the  lamps  during  the  day,  they  firfl 
exhibited  fome  irregularities^  but  on  the  fecond  day  they 
opened  in  the  morning  and,  clofed  up  at  night.  The  con¬ 
volvulus  purpureas ,  which  unfolds  itfelf  in  the  opened;  air  at 
ten  in  the  evening,  having  been  expofed  to  the  light  of  the 
lamps,  opened  the  firft  day  at  ten  in  the  evening,  and  next 
day  at  fix. 

The  rock-rofe, broad-leaved  tree-primrofe, bind- weed,  ficoi- 


cles,  marygold,  and  thediamondfig-marygold,  exhibited  a  great 
number  of  variations  mentioned  by  C.  Decandolle,  which  it 
would  be  too  tedious  to  detail  here.  We  fhall  only  add,  that 
the  Egyptian  fig-marygoid  ( mefembryanthemum  noBifloruni ), 
when  expofed  to  light  during  the  night-time,  and  to  obfeu- 
rity  during  the  day,  opened  in  the  morning  and  clofed  them- 
ielves  at  night;  and  that  the  mefembryanthemum  fplendens 
and  tenuifolium ,  expofed  to  a  heat  of  69°,  opened  their 
flowers  in  a  very  fhort  time,  while  tl)e  fame  heat  had  no 
influence  whatever  on  other  plants. 

Bonnet,  who  has  endeavoured  tq  explain  the  deep  of 
plants,  fuppofes  thgt  the  lower  furface  of  the  foliole ,  fuch  as 
thofe  of  the  falfe  acacia  for  example,  is  fufceptible  of  ex¬ 
tending  by  moifture,  and  that  its  upper  furface  is  fufcep¬ 
tible  of  extending  by  drynefs.  But  C.  Decandolle  obferves 
that  the  moving  caufe  feems  to  aed  on  the  infertion  of  the 
foliole ,  and  not  on  the  entire  furface;  that  this  explanation 
cannot  be  applied  to  the  leaves  th et.  joliole  of  which  inclines 
forwards  or  backwards ;  and  that  it  wquld  be  neceflary  to 
admit  that  the  fophov-a  and  the  guilandina ,  which  in  the  night 
throw  down  their  leaves,  are  organifed  in  an  inverfe  manner 
to  the  falfe  acacia;  which  is  not  confirmed  by  anatomy.  The 
p&ufe  of  the  fleep  of  plants  is  therefore  really  unknown. 

In  none  of  the  experiments  w  as  there  any  change  made  in 
the  progryfs  of  the  ox  alls  jlrit'ia  and  incarnatay  but  a  power- 
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ful  influence  was  obferved  on  the  fleep  of  the  fenfltive  plant. 
Several  fenfltive  plants,  expofed  for  three  days  to  the  conti¬ 
nued  light  of  the  lamps,  opened  and  clofed  each  day  two 
hours  fooner  than  the  day  before;  from  which  it  appears  that 
the  continuance  of  light  haftened  and  did  not  interrupt  their 
movements.  When  expofed  to  the  fame  light  during  the 
night,  and  to  obfcurity  in  the  daytime,  they  exhibited  a  re¬ 
gular  progrefs  for  nearly  two  days ;  after  which  they  ex¬ 
panded  in  the  evening  and  clofed  in  the  morning*  Their 
movements  were  not  deranged  by  total  obfcurity,  but  they 
feem  to  have  been  retarded  by  a  heat  of  6o°  to  8o°.  A  heat 
of  78°  rendered  the  plant  fiekly,  and  deprived  it  for  two  days 
of  its  fallibility  when  touched. 

Thefe  fadts,  according  to  the  author,  can  be  explained 
only  two  ways.  We  may  fay  that  thefe  periodical  move¬ 
ments  are  peculiar  to  the  fibres  of  plants,  and  that  external 
circumftances  are  only  the  ftimulants  which  excite  or  retard 
them ;  or  that  the  periodical  movements  continue  notwith¬ 
standing  the  change  of  external  circumftances,  only  on  ac¬ 
count  of  the  habit  acquired  by  the  fibres.  This  laft  expla¬ 
nation  appears  more  probable  than  the  other,  becaufe  we  are 
already  acquainted  with  fome  fails  which  feem  to  indicate 
that  plants  are  fufceptible  of  habit.  But,  whatever  may  be 
‘the  explanation  we  adopt,  we  muft  admit  as  the  foundation 
of  it  the  theory  of  irritability  :  that  i§  to  fay,  to  acknowledge 
that  vegetables  are  endowed  with  a  peculiar  Id^d  of  life  or 
force,  in  confeqaence  of  which  their  fibres  are  not  affedted 
by  external  bodies,  as  uuorganifed  beings  would  be  from  the 
mere  laws  of  mechanics. 

The  Englifh  journals  having  announced  fom.e  new  experi¬ 
ments  refpedting  the  theory  of  Galvanifm,  a  memoir  on  which 
had  been  prefented  to  the  Royal  Society  by  Profefibr  Volta, 
thefe  experiments  have  been  repeated  by  C.  Rabertfon,  and 
by  a  commiflion  chofen  by  the  Inftitute. 
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ANTiaUITIES. 

The  lovers  of  Britifh  antiquities  in  general.,  and  of  Gothic 
architecture  in  particular,  will  be  pleafed  to  hear  that  Mr. 
Lowry,  of  Titch field -ft reet>  engraver,  and  Mr.  Alexander/ 
of  Newman-ftreet,  well  known  as  draughtfman  to  the  late 
Chinefe  embaffy,  intend  to  publifh  a  feleCtion  of  piCturefque 
and  accurate  Views  (about  the  fize  and  in  the  manner  of 
Hearn  and  Byrne’s  Antiquities)  of  the  erodes  and  conduits 
erected  at  different  time's  in  various  parts  of  this  id  and,  many 
of  which,  from  their  prefen t  decayed  (late,  and  there  being 
no  accurate  reprefen tations  of  them,  mult  otherwlfe  foon  be 
irrecoverably  loft.  The  drawings  will  be  made  by  Mr.  Alex¬ 
ander,  and  the  plates  wholly  engraved  by  Mr.  Lowry ;  and/ 
from  the  known  abilities  of  thefe  artifts,  the  public  have  sk 
right  to  expedt  a  work  equal  in  execution  to  any  thing  of 
the  kind  hitherto  publifned. 

A  profpeCtus,  withva  fpeekften,  willy  we  underftand,  b$- 
foon  laid  before  the  public* 

AGRICULTURE. 

The  following  ufeful  hints" we  copy  from  a  Baris  paper:, 

((  A  Journal,  which  has  a  very  extenfive  circulation*/ 
has  lately  announced  fecre.ts  for  curing  the  fmut  in  wheat/ 
preferving  it  from  weevils,  and  for  making  bread  from  firm  tty 
wheat  as  good  and  fajiitary  as  that  made  from  found  wheat. 
As  a  farmer,  1  take  the  liberty  of  giving  my  opinion  refpedt- 
itig  thefe  difcovertCs. 

£C  I  can  certify  with  truth,  that  the  method  of  Trianony 
which  con  lifts  in  walking  the  feed  in  a  folution  of  lime  ill 
Water,  has  always  preferved  my  wheat  from  fmut  fince  I 
have  made  ufe  of  it.  In  my  opinion  it  is  impoffible  to  find  a 
preventive  lefs  expenfive.  Befides,  I  Jo  not  employ  it  but  for 
the  fifth  part  of  the  wheat  which  I  fow  each  year;  that  which 
strifes  from  it  is  employed  for  feed  the  next  year,  and  fo  on  in 
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fucceflron  ;  but  I  take  great  care  not  to  dry  the  wheat  pre¬ 
pared  in  this  manner  either  in  an  oven  or  dove,  left  the 
germ  fhould  be  injured ;  it  mud  not  even  be  dry  when  Town, 
becaufe  the  lime  would  detach  itfelf,  and  injure  the  fewer. 

iC  In  regard  to  weevils,  one  of  my  neighbours  has  en¬ 
tirely  cleared  his  houfe  of  them  by  a  very  eafy  procefs.  In 
the  month  of  June,  his  granaries  and  barns  being  entirely 
empty,  he  caufed  a  number  of  large  ant-hills  to  be  collected 
In  bags*  and  clifperfed  them  throughout  the  places  infefted 
by  thefe  infeCts-  The  ants  immediately  attacked  the  weevils 
and  devoured  them  entirely,  fo  that  not  one  of  them  was  to 
be  feen.  Since  that  period  none  of  thefe  dedruCtive  in¬ 
fers  have  appeared  on  his  premifes. 

cc  The  third  fecret  is  very  fimple :  it  conuds  in  wafliing 
the  fmuttv  wheat  in  pure  water  till  it  no  longer  becomes 
black  ;  it  mud  then  be  immerfed  in  boiling  water  and  dried, 
£o  that  it  can  be  ground.  By  this  procefs  as  good  bread 
may  be  obtained  as  that  made  from  wheat  which  is  free  from 
fmut.” 

CHEMISTRY. 

Mr.  Klaproth,  of  Berlin,  having  lately  analyfed  honey - 
Jlone ,  has  found  that  the  alumine  contained  in  it  is  united 
to  an  acid,  the  radical  of  which  is  the  fame  as  that  of  the 
vegetable  acids,  but  with  different  proportions  of  the  carbon 
and  hydrogen. 

The  vegetable  alkali  has  been  found  in  different  minerals^ 
This  newr  fa£t  cannot  therefore  fail  to  prove  intereding,  and 
inay  lead  to  fome  ufeful  faffs  refpebfing  the  connection  be¬ 
tween  the  vegetable  and  mineral  kingdoms. 
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I.  A  fhort  View  of  the  new  EleBric  Experiments  performed. 

by  Dr.  Van  Marum. 

'1 ' HE  experiments  which  form  the  fubject  of  this  article 
were  performed  with  the  large  machine  in  the  Teyleriaii  mu- 
fteum  at  Haarlem,  partly  undertaken  at  the  requeft  of  other 
philofophers,  and  deferibed  in  his  laft  work  on  ele£tricity* 
entitled  Twee'de  Vervolg  der  Pr'oefneemingen  gedaan  met 
Teeyleds  Eli  Mach.  Haarlem  1 7955  4-to.  It  mu  ft  here  be 
obferved  that,  lince  the  laft  publication  refpe6ting  thefe  ex¬ 
periments,  great  improvements  have  been  made  in  the  large 
machine,  and  particularly  in  regard  to  the  cufhions.  Ac¬ 
cording  to  the  old  mode  of  conftruction,  the  cufhions  were 
prefTed  towards  the  glafs  plates  by  means  of  two  ferews,  ini 
eonfequence  of  \Vhich  it  was  not  poflible  to  maintain  an 
uniform  prefTure  on  both  fides.  At  prefent,  however,  an 
uniformity  of  prefTure  is  obtained  by  two  fteel  fprings,  which 
are  applied  with  hinges  to  the  end  of  two  iron  plates,  and  are 
kept  together  by  one  tingle  ferew.  As  thefe  fprings  exercife 
their  prefTure  on  the  centre  of  gravity  of  the  cufhions,  the 
prefTure  is  uniformly  the  fame  in  every  part.  Befides  this 
improvement,  the  conductor  is  conftru6ted  in  fuch  a  manner 
that,  merely  by  turning,  it  can  be  employed  fometimes  for 
receiving  pofitive  and  fometimes  negative  electricity;  fo  that 
both  thefe  kinds  of  electricity  can  be  communicated  to  the 
conductor  by  changing  its  pofition.  The  collector  is  no 
•  Vol.VIH.  Ce  longer 
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longer  frimidied  with  fpikes,  but  is  perfectly  fmootli  ana 
fomewhat  rounded.,  and  has  been  lengthened  from  fix  to  ten 
inches. 

By  the  conductor  alone  experiments  were  made. 

i*  Refpeeiing  the  effect  of  electricity  an  the  pulfe.  Dr. 
Van  Marum  thought  he  had  reafon  to  conclude  from  his 
former  experiments,  that  electricity  does  not  increafe  the 
pulfe.  But,  as  fome  doubts  arofe  on  this  lubjeCt,  which 
were  fupported  by  a  paper  of  Meffrs.  Von  Trooftwyk  and 
Deiman,  he  thought  it  might  be  of  fome  utility,  in  a  fubjeCt 
of  fo  much  importance  to  medical  eleCtricitv,  to  repeat  the 
experiments  according  to  the  method  of  thefe  philosophers. 
For  this  purpofe  eleven  perfons  were  feleCted,  and  the  expe¬ 
riment  was  repeated  four  times  on  each,  both  with  pofitive 
and'  negative  electricity.  Thefe  perfons  were  placed  in  a 
room  which  was  at  fuch  a  difiance  from  the  machine  that 
they  could  not  hear  the  noife  it  made  in  turning;  they  were 
alio  infulated,  and  their  pulfe  was  felt  when  the  machine 
was  in  motion  as  well  as  when  it  wds  at  reft  (which  laft  cir- 
cumftance  was  unknown  to  them),  and  the  beats  were  told' 
bv  a  good  obferver  by  means  of  an  excellent  watch.  In 
fome  fingle  cafes  a  few  beats  more  were  obferved,  but  on  the 
whole,  there  was  no  particular  increafe  of  anv  confequence. 
In  general,  however,  there  was  great  irregularity  in  the  pulfe 
both  during  the  time  the  perfons  were  electrified,  and  during 
the  time  the  machine  was  at  reft* 

2.  BefpeCting  the  increafe  of  infenfible  perfpiration  during 
the  time  the  perfons  were  eleCtrified.  Dr.  Van  Marum  em¬ 
ployed  for  this  purpofe  a  very  fenfible  balance,  one  fcale  of 
which  was  infulated  by  means  of  a  fi lk  cord.  On  this  fcale 
he  placed  a  bov,  efoht  years  of  age,  connected  with  the  con- 
duct  or,  and  brought  the  balance  into  equilibrium.  He  then 
examined  the  lofs  of  weight  fuftained  in  half  an  hour  before 
the  boy  was  electrified,  and  found  it  amount  to  280  grains  ; 
after  which  the  machine  was  turned  for  half  an  hour,  and 
the  lofs  at  the  end  of  that  time  amounted  to  295  grains.  Bv 
a  fimilar  experiment  on  another  oecalion,  the  lofs  of  weight 
-^before  being  electrified  was  330,  and  after  being  expofed  to 
electricity  only  310.  A  girl  of  feven  years  loft,  before  being 
8  electrified. 
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^electrified,  1S0;  and  when  elcCtrified,  163  grains,'  A  boy 
t)f  eight  years  and  a  half  loft  uneleCtrified  430,  and  when 
eleCtrified  290.  -'Another  of  nine  years,  uneleCtrified  179, 
electrified  240,  As  the  laft  boy  was  exceedingly  quiet  during 
the  experiment,  it  was  thought  that  the  increafe  was  the 
eonfequence  of  electricity ;  on  this  account  he  was  feveyaj 
times  fubjeCted  to  the  experiment,  and  the  refults  were  in  the 
uneleCtrified  ltate  550;  in  the  electric  390,  330  and  270, 
530  and  420.  In  moft  of  the  experiments  it  appeared  that 
there  was  rather  a  decrease. 

3.  RefpeCting  the  irritability  of  the  veflels  of  vegetables  as 
the  caufe  of  the  aleent  and  defeent  of  fap. — The  refult  of 
thefe  experiments  (viz.  that  from  the  cut  Items  of  different 
kinds  of  euphorbia,  and  other  plants  of  the  like  nature,  when 
expofed  to  ftrong  (parks,  no  more  fap  flows,  as,  by  the  irri¬ 
tability  of  the  fibres  being  deftroyed,  the  vefTels  are  rendered 
incapable  of  contracting  themfelves)  is  already  well  known. 

4.  RefpeCting  the  cxiftence  of  caloric  in  the  eleCtric  matter. 
— Dr.  Van  Marum  caufed  a  conductor  of  very  thin  brafs 
plate,  five  inches  in  diameter  and  eleven  inches  in  length, 
to  be  conftruCted  with  a  cavity  in  the  middle,  in  which  he 
placed  the  bulb  of  a  very  fenfible  thermometer,  and  fufpended 
it  by  filk  firings  near  the  conductor  of  the  large  machine. 
Neither  by  pofitive  nor  negative  electricity,  however,  did 
their  appear  the  leaft  fign  of  the'  thermometer  rifing.  As 
charcoal  is  ail  excellent  conductor,  he  introduced  the  bulb  of 
the  thermometer  into  a  cavity  made  in  a  piece  of  that  fub- 
ftancc :  but  ftill  there  was  no  figii  of  heat.  From  this  it 
appears  to  him,  that  the  figns  of  heat  exhibited  by  cleCtriei.ty 
may  arife  only  from  the  great  velocity  with  which  the  eleCtrje 
matter  paffes  through  bodies,  and  that  the  fufion  or  conihuf- 
tion  of  thefe  bodies  thence  refulting  mtjy  be  occafioned  by 
the  friCtion  thus  produced.  If  a  ftrparn  of  eleCtrip  matter  be 
conveyed  to  the  bulb  of  a  thermometer,  it  immediately  rifes 
as  Van  Marum  found,  and  often  from  80  of  Fahrenheit 
to  100  and  more :  but  this  experiment  cannot  he  eonfidered 
as  a  proof  of  the  exiftence  of  caloric  in  the  electric  matter, 
as  Cavendifh  found  the  electric  current  decomposes  the  at> 
mofphcric  air,  by  which  means  feme  caloric  may  be  dif- 

\  C  c  2.  engaged 
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engaged  from  it.  To  afcertain  the  truth  of  this  conje&ure. 
Van  Marum  introduced  a  thermometer  into  a  receiver  be¬ 
tween  two  condu&ors,  and,  having  exhaufted  part  of  the  air, 
threw  the  eledtric  ftream  on  the  bulb.  The  thermometer, 
however,  rofe  higher  than  in  the  open  air,  or  to  120  degrees. 
The  air  in  the  receiver  had  been  rarefied  lo  ~6.  That  he  might 
proceed  with  ftill  greater  certainty,  he  performed  the  experi¬ 
ment  in  oxygen  gas  and  azotic  gas  rarefied  in  the  fame  de¬ 
gree  ;  but  in  both  cafes  the  thermometer  rofe  as  much  as 
before.  Van  Marum  thought  he  fhould  find  another  proof 
of  the  aboye  opinion,  by  trying  whether  the  ele£tric  matter 
was  able  to  convert  aqueous  liquids  into  expanlible  fluids ; 
for,  as  the  elafticity  of  all  fuch  fluids  is  aferibed  to  their  mix¬ 
ture  with  caloric,  it  feemed  reafonable  to  conclude  that  caloric 
muff  exift  wherever  it  is  poffible  to  form  expanfible  fluids. 
Prieflley  converted  vitriolic  ether,  by  means  of  electric  fparks, 
into  inflammable  gas,  and  obtained  the  like  refult  from  oil 
of  turpentine,  fpirit  of  wine,  and  ammonia;  but  Dr.  Van 
Marum,  from  thefe  fubftanees,  obtained  onlv  very  little  gas, 
though  his  machine  worked  with  much  greater  ftrength,  and 
the  fail’ll  quantity  which  was  obtained  was  again  foon  ab- 
forbed ;  and  therefore  he  is  of  opinion  that  thefe  gafes  were 
rather' expelled  from  the  above  fubfiances  by  the  electricity, 
than  prepared  by  it  from  their  component  parts.  With  ether 
and  ammonia  the  quantity  was  a  little  larger;  but,  as  thefe 
jubilances  are  exceedingly  volatile,  it  could  not  be  determined 
with  certainty  that  the  air  was  produced  from  the  caloric  of 
the  electric  matter ;  becaufe  feveral  liquids  acquire  their 
liquid  form  merely  from  the  preflure  of  the  atmofphere. 
Dr.  Van  Marum  conceived  the  idea  of  making  the  experi¬ 
ments  in  vacuo  with  other  fluids,  becaufe  in  that  cafe  a  final  I 
quantity  of  caloric  might  produce  air.  For  this  purpofe  he 
employed  the  Torricellian  vacuum,  and,  having  put  platina 
wires  into  feveral  barometric  tubes  4  inch  in  diameter,  fufed 
the  glafs  around  them  at  a  lamp  ;  he  then  inverted  the  tubes, 
and  filled  them  with  quickfilver  in  fuch  a  manner  that  4  inch 
of  each  remained  empty.  Into  this  empty  fpace  he  intro¬ 
duced  the  fluids,  through  which  the  elehfric  fparks  were  to 
bve  conveyed ;  then  c!ofed  the  aperture,  and  again  inverted 
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the  tubes,  that  the  fluid  might  afcend  to  the  upper  part  of 
them,  The  exhaufted  fpace  left  by  the  defcent  of  the  mer¬ 
cury  was  fome  inches  in  length,  which  appeared  to  him  t<5 
be  the  moft  advantageous.  He  then  held  the  tubes  in  a  ver¬ 
tical  pofition  in  a  veflel  fdled  with  mercury,  and,  placing  a 
ball  three  inches  in  diameter  on  the  wires  at  the  top  of  the 
tubes,  caufed  the  fparks  from  the  condudtor  to  fall  upon  it. 
The  quickfllver  in  the  tube  was  at  the  fame  time  connected 
with  an  infulated  ball  by  means  of  a  wire. 

The  fir  A  experiments  were  made  with  water,  carefully  pu¬ 
rified  by  boiling  and  by  the  air-pump.  When  the  fparks 
Aruck  the  water  through  the  vacuum,  a  confiderable  quantity 
of  air  feemed  immediately  to  be  produced,  fo  that  in  three 
minutes  the  mercury  fell  1^  inch.  During  the  next  five 
minutes  the  mercury  fell  only  h  of  an  inch,  and  the  produc¬ 
tion  of  air  then  totally  ceafcd.  After  three  days,  the  air 
which  had  been  produced  did  not  appear  to  be  in  the  lea  A 
leflened.  By  another  experiment  of  the  like  kind  Inch  a 
quantity  of  air  was  produced  that  in  four  minutes  the  mer¬ 
cury  fell  3  inches  4  lines  ;  but  next  day  the  air  was  leflenedL 
1  inch  8  lines:  the  remainder  retained  its  elaAicity. 

In  an  experiment  with  alcohol,  fuch  an  abundant  quantity, 
of  air  was  produced  that  at  firA  the  mercury  fell  ~  inch  at, 
each  fpark.  The  prodution  of  air,  however,  decreafed  in 
proportion  to  the  falling  of  the  mercury.  Two  experiments 
of  the  fame  kind  gave  more  Ariking  refults,  which  in  other* 
refpedls  were  flmilar  to  the  former. 

In  an  experiment  with  cauAic.  ammonia,  a  column  of  air. 
of  21  inches  was  produced  in  five  minutes.  Carbonat  of 
ammonia  gave  a  column  of  18  inches,  and  camphor  one  of 
61  inches  in  the  fame  time.  The  air  produced  by  alcohol, 
when  tried  by  a  teA,  was  found  tq  be  pure  inflammable  ai r  j 
that  from  camphor  was  found  to  be  nearly  as  free  from  mix¬ 
ture  :  that,  however,  from  both  kinds  of  ammonia  confiAcd 
of  inflammable  air  mixed  with  azot.  From  this  it  appears 
that  the  electricity  had  feparated  from  each  other  the  two 
component  parts  of  the  ammonia,  hydrogen  and  azot.  Dr. 
Van  Marum, imagined  that  the  air  produced  from  the  water 
would  confiA  alfo  of  oxygen  and  hydrogen,  and  on  that  ac¬ 
count 
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count  tried  to  inflame  it,  but  without  fuccefs  :  he  condenfed 
the  air  he  obtained  till  it  almofl:  equalled  in  that  refpedt  at- 
mofpheric  air,  by,  immerfing  the  barometric  tube  in  a  wider 
one  filled  with  quickfllver ;  but  inflammation  did  not  take 
place  until  a  little  oxygen  gas  or  atmofpheric  air  was  intro¬ 
duced  into  it.  Hence  there  was  reafon  to  conclude  that  in¬ 
flammable  air  only  was  obtained  from  the  water  ;  and  Dr. 
Van  Marum  acknowledges  that  it  is  difficult  to  explain  what 
Came  of  the  oxygen,  the  other  component  part  of  the  water. 
Why,  fays  he,  did  it  not  form  itfelf  into  oxygen  gas  with  the 
caloric  produced  from  the  electric  matter?  But  it  is  poffible, 
.adds  he,  that  this  laft  formation  may  be  much  more  difficult 
than  the  former;  and,  as  it  appeared  from  former  experi¬ 
ments,  that  the  elediric  fpark  decompofed  oxygen  gas,  its 
oxygen  may  have  pafled  into  the  mercury,  and  the  calorie 
may  have  efcaped :  no  figns  of  oxydation,  however,  were 
obferved  on  the  mercury. 

All  the  kinds  of  air  produced  in  this  manner,  that  from 
water  excepted,  fully  retained  their  elaflicity;  for  even  at  the 
end  of  a  year  no  leffening  of  them  was  obferved  in  the  tubes, 
though  kept  under  a  p  re  flu  re  equal  to  that  of  the  atmofphere. 
HI  eel  ri  city,  therefore,  had  effected  in  thefe  experiments  what 
bad  been  formerly  aferibed  to  caloric,  and  they  feemed  to 
prove  that  caloric  exifls*  in  the  eledtric  fluid.  This  much 
however  is  evident,  that  the  eledtric  fluid  is  not  caloric  itfelf, 
other  wife  it  mult  heat  thofe  bodies  through  which  it  pafles ; 
but  this  is  not  the  cafe  :  it  appears  alfo  that  in  the  eledbric 
fparks  it  is  combined  with  fome  other  fubftance  which  pre¬ 
vents  it  from  communicating  heat  to  bodies;  and  perhaps  it 
is.  in  a  condition  to  do  fo  only  when  it  is  difengaged,  and  be¬ 
comes  free  by  the  electric  matter  being  decompofed. 

Whether  this  other  fuhflance  may  not  be  the  matter  of 
fight,  and  whether  during  thefe  experiments  it  pafled  through 
the  fides  of  the  glafs,  as  no  figns  of  any  other  matter  on  the 
glads  could  be  obferyed,  he  could  not  decide.  All  the  caloric 
difengaged  was  not,  however,  employed  in  the  formation  of 
inflammable  air:  a  part  of  it  remained  free,  and  heated  the 
tubes,  which  within  live  minutes  were  at  a 
to  i  to  degrees  of  Fahrenheit. 

jut  .CJ  *  -»•  T 
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Experiments  made  to  determine  whether  it  was  pctffible 
ov  electric  (parks  to  decompofe  certain  fubftances,  or  to 
change  them  in  a  fenfiblc  manner. — As  Dr.  Van  Martini,  in 
the  years  1785  and  1787,  was  able  to  decompofe  nitrous  and 
alkaline  air  by  eledtric  (parks,  he  wifhed  to  try  the  fame  ex¬ 
periment  with  other  fubftances,  For  this  purpofe  he  em¬ 
ployed  tubes  of  from  13  to  14  inches  in  length,  and  from 
3  to  4  lines  in  diameter,  into  the  ends  of  which  he  introduced 
platina  wires,  and  fufed  the  glafs  around  them.  When  the 
bodies  to  be  examined  required  mercury,  he  filled  the  tubes 
with  that  fub dance,  and  introduced  the  bodies  in  fuch  a- 
manner  that  they  floated  about  an  inch  over  it.  Above  the- 
bodies  an  inch  of  air  was  left,  that  the  fparks  might  be  con¬ 
veyed  to  them  with  greater  force;  for  he  had  been  taught, 
by  experience,  that  the  (hocks  are  of  the  utmofl  importance 
in  experiments  of  this  kind.  However,  he  could  not  venture 
here  to  employ  any  atmofpheric  air;  as  this  air,  when  de- 
compofed,  gives  nitrous  acid,  which  would  have  mixed  with 
the  products  obtained.  The  fitted  for  this  purpofe  were  vital- 
air  and  azot,  When  he  tried  fuch  fubflances  as  attack  mer¬ 
cury,  the  whole  tubes  were  filled  with  the  acid,  and  a  platina  • 
wire  was  immerfed  in  it,  fo  that  its  upper  end  was  an  inch 
deep  t^elow  the  furface  of  the  acid.  This  wire  ferved  indead 
of  the  mercury  as  a  conductor. 

^  m  9  #  t 

Having  introduced  concentrated  fulphuric  acid  into  this 
lad  apparatus,  and  conveyed  to  it,  for  a  quarter  of  an  hour, 
pofitive  or  negative  fparks,  no  figne  of  any  change  were  ob  - 
ferved.  The  cafe  was  the  fame  when  it  was  drongly  heated 
or  rarefied. 

Fuming  nitrous  acid  gave,  in  the  courfe  of  five  minutes,  a 
column  of  two  inches  of  an  aeriform  fluid ;  but  in  a  quarter 
of  an  hour  very  little  of  it  remained.  It  appears  that  the  ca¬ 
loric  of  the  electric  matter  had  given  the  acid  a  gafeous  form, 
but  in  itfclf  no  change  could  be  perceived. 

Common  nitrous  acid  gave  a  column  of  air  of  half  an  inch, 
which  difappeared  alfo  when  the  electric  matter  ceafed  to 
Hi ft. 

Common  fuming  muriatic  acid  exhibited  the  fame  phe¬ 
nomena  as  the  former.  The  byperoxygenated  did  not  pro¬ 
duce 
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duce*the  leap  gas;  it  appeared  that  the  caloric  had  no  great 
tendency  to  unite  itfelf  with  the  oxygen. 

Carbonat  of  potafh,  or  fufed  fait  of  tartar,  treated  for  a' 
quarter  of  an  hour  over  mercury  with  fparks,  experienced  no 
change. 

Concrete  volatile  alkali  crave,  between  mercurv  and  air,  fo 
much  gas  that  the  whole  tube  was  filled  with  it.  In  this 
cafe  the  product  was  partly  inflammable  air  and  partly  azot; 
and  it  appears  from  thefe  experiments  that  the  formation  of 
gas  from  both  thefe  component  parts  takes  place  as  well  in 
air  as  in  vacuo. 

Tinbture  of  lackmus  did  not  become  red,  though  expofed 
to  {parks  for  half  an  hour. 

Profefior  Volta  had  requefted  Dr  *  Van  Marum  to  convey 
fparks  to  fufed  faltpetre,  in  order  to  try  whether  a  decrepita¬ 
tion  would  take  place.  This,  however,  was  not  the  cafe; 
and,  after  cooling,  the  faltpetre  did  not  appear  to  be  in  the 
leaf!  alkali  fed. 

As  oxygen  feparat.es  itfelf  from  born-diver  in  the  light  of 
tpe  fun,  PrieftJey  firft  propofed  to  Van  Marum  to  expofe  it 
to  electricity ;  but  no  air  could  be  obtained  from  it,  either 
between  the  mercury  and  water,  or  in  the  Torricellian 
vacuum. 

Solutions  of  fiber,  copper,  iron,  lead,  and  quick  fiber,  in 
nitrous  acid,  and  of  gold  and  tin  in  aqua-regia,  did  not  give 
jthe  leaf!  precipitate  in  a  tube  furnifhed  with  a  platina  wire. 
With  fiber,  lead,  tin,  and  quickfiber,  a  little  aeriform  matted 
was  obferved,  which  however  did  not  amount  to  above  one- 
fourth  of  an  inch,  and  was  again  immediately  abforbed  after 
the  experiment. 

6.  Experiments  which  (how  that  charcoal  contains  hy¬ 
drogen. 

Thefe  experiments  were  made  in  confequcnce  of  a  vifit 
from  Landriani,  on  the  loth  of  November  1788.  Lavoifier’s- 
comhuition  of  charcoal  in  oxygen  gas  had  proved  merely 
that  carbonic  acid  is  produced  from  charcoal  and  oxygen  gas; 
but  he  as  little  proved  as  any  of  the  antiphlogiftians,  by  a 
direct  experiment,  that  the  charcoal  or  the  carbonic  acid, 
obtained  by  its  combuPioa  in  vital  air,  carried  with  it  no 

water. 
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water.  The  fixed  air  in  this  experiment  was  obtained  by 
heat  from  a,  mixture  of  charcoal -du ft  well  dried  and  freed 
from  air,  and  red  precipitate  expofed  to  heat.  In  order  that 
the  vefl'els  might  be  freed  from  all  moifture  they  were  ex¬ 
pofed  to  a  ftrong  heat,  and  the  quickfilver  employed  in  the 
apparatus  was  boiled.  In  order  to  try  'whether  the  car^ 
bonic  acid  obtained  contained  any  water,  ftrong  fparks  were 
made  to  pafs  through  it$  and  the  operator  watehed  with 
great  care  to  obferve  whether  water  would  be  produced,  and 
whether  a  long  fpiral  iron  wire,  employed  in  the  apparatus, 
wrould  be  oxy dated.  The  fixed  air  itfelf  occupied  in  the  tube 
the  length  of  nearly  4  inches  6\  lines  before  being  fubjeCted 
to  eleCtricity,  and  the  diameter  of  the  tube  was  7  lines.  As 
loon  as  the  fparks  entered  it,  the  operators  faw  with  afto- 
mftimcnt  that  the  column  of  air  gradually  increafed,  and, 
after  being  electrified  16  minutes,  the  air  in  the  tube  occu¬ 
pied  a  fpace  of  5  inches  1  line,  which  gave  an  increafe  of  al- 
moft  T~  of  the  whole.  They  then  walked  the  fixed  air  irt 
cauftic  alkali  till  its  volume  ceafed  to  be  leffened,  and  the 
refiduum  in  the  tube  amounted  to  two  inches.  The  flame 
of  a  taper  being  then  applied  to  the  aperture,  this  eleCtrified 
refiduum  inflamed,  and  therefore  ftiowed  that  it  confifted  en¬ 
tirely  of  unmixed  inflammable  air.  As  this  refult  did  not 
coincide  with  what  we  are  taught  by  theory,  it  was  refolved 
to  repeat  the  experiments,  and  to  employ  double  care  in 
order  to  drive  off  the  moifture.  But  as  greater  attention 
was  now  paid  to  what  took  place  during  the  revival  of  the 
mercury,  it  was  obferved  that  fome  vapour  was  depofited  in 
the  upper  part  of  the  flafk  employed  for  the  experiment,  as 
well  as  in  the  tube  through  which  the  produced  air  was 
made  to  pafs.  It  was  fuppofed  on  the  firft  view  that  this 
vapour  was  fublimated  mercury;  but  it  foon  formed  itfelf  into 
final!  drops  of  water,  which  increafed  in  fize,  fo  that  no  doubt 
now  remained  rcfpeCting  the  production  of  water.  The  re¬ 
duction  was  then  fufpended,  and  the  whole  apparatus  was 
hs*ated  and  dried  as  well  as  poftible;  but,  on  Continuing  the 
experiment,  the  drops  again  appeared.  Now,  as  it  was  im- 
poftible  that  this  water  could  arife  from  the  moifture  of  the 
vefl>ls,  it  feems  proved  to  Van  Marum  that  carbon  not  only' 
Vol.  VI IT  D  d  contains 
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contains  the  bafe  of  carbonic  acid,  but  that  alfo  of  hydrogen 
gas.  But  even  if  this  experiment  had  proved  the  exidence  of 
hydrogen  in  charcoal,  it  would  not  follow  that  the  inflam¬ 
mable  air  thence  refulting  effects  the  reduction  of  metallic 
oxyds  in  the  way  underltood  by  the  Stahiians ;  it  would  fhow 
nothing  more  than  that  charcoal  is  not  a  fimple  fubdance 
for,  if  it  were  fo,  it  would  not  produce  water,  but  would  limply 
join  the  the  oxyd  and  reduce  it. 

[To  be  continued.] 
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[Concluded  from  Page  179.] 

Another  inconvenience  ariling  from  denominations 
aiming  to  exprefs  the  compolition  of  the  objects  on  which 
they  are  beftowed,  is,  that  they  often  cannot  exprefs  the  pro-  1 
portion  of  the  compounding  ingredients  without  confiderable 
embarralfment ;  this  proportion  neverthelefs  is  a  circumftance 
often  of  great  importance,  as  it  induces  an  important  differ¬ 
ence  in  their  properties,  and  the  embarralfment  is  greater  when 
the  compounding  ingredients  are  numerous.  To  obviate  the 
firft,  in  one  particular  indance,  the  French  fchool  have  very 
properly  afiigned  different  names  to  compounds  holding  dif¬ 
ferent  proportions  of  oxygen  and  polfeffing  different  properties 
in  virtue  of  that  difference  of  proportion,  as  acids  and  oxides', 
but  feveral  of  the  vegetable  acids  differ  from  each  other  only 
in  the  proportion  of  ingredients,  which  cannot,  even  if  fully 
known,  be  expreffed  in  detail  on  every  occalion.  So,  to  ob¬ 
tain  a  didin£t  knowledge  of  the  various  combinations  of  ful- 
phur,  or  fulphur  and  hydrogen,  with  different  bafes,  is  of  the 
utmoft  confequence  to  any  one  that  willies  to  obtain  any 
inlight  into  the  phenomena  prefented  by  mineral  waters 
during  their  analyds,  or  of  the  nature  of  other  fulphurated 
compounds :  on  this  obfcure  and  intricate  invedigation  mod: 

*  It  is  well  known  that  charcoal  retains  water  with  great  obftinacy 
and  it  is  extremely  probable  that,  in  fpite  of  the  care  ufed  in  this  experi¬ 
ment,  fome  of  that  liquid  had  been  left  in  the  charcoal  employed. 

4  ,  certainly 
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certainly  the  eminent  abilities  of  Fourcrov,  and  the  confum- 

J  J  J 

mate  (kill  and  fagacity  of  Berthollet  and  his  affociate  Welter, 
have  thrown  the  cleared  light  5  yet  I  muft  own  that  the 
terms  employed'  by  the  two  lad  to  denote  the  different  com¬ 
pounds  appear  to  me  very  perplexing,  though  the  bed  that 
eould  be  chofen  on  the  principles  of  the  new  nomenclature  *. 
I  flatter  myfelf,  therefore,  that  a  fhort  explanation  of  them, 
and  of  the  names  I  would  wifh  to  fubftitute  in  their  room, 
will  not  be  unacceptable  nor  out  of  place  on  this  occafion. 

Sulphur e ,  Sulphur et  of  the  Englijh . 

By  this  the  French  underhand  the  compound  of  fulphur 
Jingly  with  any  bales  except  hydrogen :  thefe  compounds  I 
call  hepars  if  unmetallic,  but  if  metallic  I  apply  their  antient 
names. 

Hydrogene  Sulphure ,  Sulphurated  Hydrogen . 

This  complex  denomination  exprefles  the  union  of  fulphur 
with  hydrogen.  I  call  it  by  its  antient  name,  hepatic  air . 

Souffre  Hydrogene. 

This  term  exprefles  the  union  of  fulphur  with  hepatic;  air. 
The  fulphur  abounds,  and  it  does  not  form  a  permanent  air, 
but  aflumes  an  oily  form.  Englifli  neologids  would,  I  pre- 
fume,  have  called  it  hydrogenated  fulphur :  it  is  plain  that 
this  name  does  not  exprefs  all  the  ingredients,  for  it  is  to 
hepatic  air,  and  not  merely  to  hydrogen,  that  the  fulphur  is 
united  5  I  call  it  therefore  bepaticated  fulphur . 

1  %  y  1  •  • 

Hydro  Sulphure . 

Hepatic  air  is  capable  of  uniting  to  various  bafes,  and  even 
precipitates  fulphur  from  them  if  previouflv  united  to  them ; 
on  thefe  compounds  Berthollet  beffows  the  above  denomina¬ 
tion.  The  Englifli,  I  f up  pole,  would  call  them  hydrojulphu - 
rets ;  I  call  them  hepatules. 

Sulphure  Hydro  gene . 

This  denotes  the  union  of  hepaticated  fulphur  (fouffre  hy- 
drogenej  with  any  bafis :  the  Englifli,  I  fuppofe,  would  call 

*  See  Ann,  Chem.  XXY.  p.  230.  and  New  Rex,  Jour.  III.  p.  436. 

D  d  2  thefe 
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thefe  compounds  hydrogenated  fu  If  burets  :  this  appellation 
does  not  exp  refs  the  compofition.  I  employ  the  term  hefa- 
ticated  to  exprefs  this  compofition.  Berthollet  has  difeo- 
vered  that  fixed  alkaline  hepars,  when  diffolved,  or  even 
moift,  are  always  in  this  hate,  and  confequently,  that  an 
alkaline  hepar  cannot  exift  but  in  a  dry  hate. 

In  the  cafe  before  us,  we  fee  the  confufion  and  perplexity 
occafioned  by  a  ft  riel  adherence  to  the  rule  recommended  by 
La  voider  that  a  conformity  or  connection  fhould  be  main¬ 
tained  between  the  names  of  a  bails  and  its  compounds:  in 
fome  cafes  it  is  highly  proper,  and  hence  the  different  de¬ 
grees  of  oxygenation  of  certain  acids  are  very  properly  indi¬ 
cated  by  a  flight  alteration  of  the  termination  of  the  name  of 
each,  as  fulfhureous  and  fulfhuric ;  but  thefe  names  indicate 
only  extreme ftates,  the  firff  only  the  fmalleft  degree  of  oxy¬ 
genation  conftituting  an  acid,  and  the  la  ft  the  ftate  of  perfect 
faturafion :  now,  this  fame  acid  commonly  occurs  in  neither 
of  thefe  ftates,  but  in  a  ftate  participating  more  or  lefs  of 
both  ;  thefe  names,  therefore,  applied  to  it  when  thus  circum- 
flanced  are  falfe;  and  as  in  this  intermediate  ftate  it  has  al¬ 
ways  been  known  by  the  name  of  vitriolic  acid ,  I  think  this 
name  fhould  ftill  he  retained.  Nay,  the  fulphureous  acid  is 
itfelf  capable  of  two  very  different  dales,  as  may  be  feen  in 
the  6th  volume  of  Dc  Machy’s  edition  of  Junker,  p.  J43. 
So  the  term  nitric  is  very  proper  to  denote  the  full  faturation 
of  the  nitrous  bads  with  oxygen.  But  the  term  nitrous ,  em¬ 
ployed  to  denote  the  fmalleft  degree  o.f  oxygenation  neceflary 
to  convert  this  balls  into  an  acid,  is  improper,  as  it  has  ever¬ 
more  conveyed  a  different  idea.  Hence  I  exprefs  this  lowreft 
extreme  of  oxygenation  by  the  term  mephito  nitrous ,  as  the 
radical  primary  balls  may  be  called  mephite ,  or  mephitic  air, 
inftead  of  the  new  coined  name  azot,  And  the  term  nitrous 
add  may  Hill  denote,  as  it  has  evermore  done,  the  mean  ftate 
of  oxygenation  ;  that  indeed  in  which  it  is  ufually  found,  and 
for  which  the  Frehch  fchool  have  no  name  but  that  of  one  or 
other  of  the  extreme  ftates,  which  mult  therefore  be  falfely 
applied.  The  term  epinitrous  air ,  introduced  by  the  learned 
and  ingenious  DTkfoii,  may  be  ufed  to  denote  what  Doff  or 

•  Favoifttr,  p.  7*  and  73. 


Prieftley 
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Prieftley  called  dephlogijlicated  nitrous  air,  at  leaft  until  its 
nature  is  better  developed. 

It  is  in  vain  that  the  authority  of  Bergman  is  invoked  to 
countenance  the  fuppreffion  of  the  antient  names  ©f  Glauber, 
Epiom,  &c.  rejecting  only  the  oftentatious  additions  made 
to  fome  of  them,  as  fal  admit  abile  Glauberi ,  &c.  4  Bergrry 
p.  257.  It  is  true  he  affirms  that  the  bejl  names  are  fuck 
as  indicate  the  compojition,  or  fome  efjential  property ;  but  of 
this  fort  he  gives  no  example,  nor  reje&s  any  old  names 
merely  on  this  account :  on  the  contrary,  where  exprejjivc 
names  cannot  eafily  be  had,  he  tells  us  it  is  better  to  apply 
fome  that  convey  no  determinate  expreffion,  p.  259  ;  and 
this  is  often  the  cafe  where  different  proportions  or  numerous 
ingredients  are  to  be  denoted. 

Hence  I  am  far  from  rejecting,  but  on  the  contrary  ap¬ 
plaud  the  ingenuity  of  the  inventors  of  the  terminations  of 
at  and  ite  to  denote  the  different  proportions  of  oxygen  in 
the  acids  contained  in  different  compounds,  as  fulphats,  fid- 
phites ,  nit  rats  and  nitrites,  &c.  as  fuch  general  names  were 
undoubtedly  wanting,  and  the  old  fcliool  afforded  none.  But 
the  welcome  admiffion  of  thefe  does  not  require  nor  imply 
the  difmiffal  of  fuch  of  the  old  as  were  faultlefs,  and  enfran- 
ehifed  by  prefcription. 

A  highly  valued  friend  fuggefted  to  me,  that  the  ufe  of 
the  old  names  was  a  departure  from  the  fyftem  on  which  the 
new  denominations  were  founded.  I  replied,  that  fyffems 
were  the  creatures  of  convenience,  and  ffiould  be  adhered  to 
only  as  far  as  they  promoted  it;  nitre,  epfom,  borax,  &x. 
are  much  fhorter  (and  equally  well  known)  than  nitrated  pot- 
afh  or  fulphat  of  magnolia;  and  Lavoifier  himfelf  preferves 
the  name  borax;  he  might  as  well  have  preferved  that  of 
epfom. 

The  fifth  rule  (very  properly)  laid  down  by  Morveau  with 
refpefl  to  names  is,  that  they  ffiould  be  adapted  to  the  genius, 
of  the  language  ;  confequently,  if  old  names  be  retained,  they 
ffiould  be  employed  in  the  true  ufual  fenfe  of  their  own  fig-* 
nification  in  that  language,  and  neither  extended  beyond  it 
nor  reftridted  within  narrower  bounds :  on  this  ground  I  re¬ 
ject  the  term  potafh ,  employed  to  denote  the  vegetable  fixed 

a)  kali 
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alkali  in  its  purefl  Hate;  for  that  name,  both  in  Englifh  and 
French,  has  always  denoted  an  impure  alkali;  but  the  purefl 
alkali  of  this  fort,  having  been  formerly  denoted  by  the  name 
of  fait  of  tartar ,  a  name  certainly  improper,  I  fubftitute  in 
its  room  the  unexceptionable  name  tartarin ,  which,  by  its 
affinity  to  the  former,  eafily  fuggeHs  its  fignification,  and  is 
moreover  attended  with  a  fmooth  flowing  adjective,  tartari - 
natedy  which  is  often  wanting.  For  the  fame  reafon  I  rejedt 
the  name  ammonia  to  exprefs  the  volatile  alkali ,  as  the  name 
dmmoniac  has  always  been  employed  to  exprefs  the  combina¬ 
tion  of  a  volatile  alkali  with  an  acid,  and  ,  if  no  particular  acid 
was  expreffied,  the  muriatic  was  under  flood  :  in  (lead  of  vola¬ 
tile  alkali,  which  is  a  compound  denomination,  I  fubftitute 
volalkali ,  whole  fignifi cation  cannot  be  millaken.  Its  ad- 
jedlive  is  not,  indeed,  quite  fo  happy  :  in  Head,  then,  of  volal- 
halifed ,  I  ufe  the  word  fuiiginatedy  which  eafilv  indicates 
the  fame  idea.  Thefe  are  the.  only  new  chemical  names  I 


employ. 

The  term  oxide  is  alfo  unfuited  to  our  language,  in  which 
It  naturally  expreffes  the  hide  of  an  ox.  In  pronunciation 
thev  cannot  be  diltinguifhed  ;  in  its  Head  I  would  ufe  oxat  or 
o xidaty  and  inftead  of  oxided  I  would  fubflitute  oxidated.  The 
application  of  either  of  thefe  terms  to  metallic  fubHances  in 
an  oxidated  Hate  is  generally  fiiperfluous,  as  fuch  fubHances 
are  already  denoted,  and  known  under  the  name  of  metallic 
calces.  Guyton  *  has  lately  proved  that  diamonds  are  the 
pureH  carbon;  yet  furely  even  the  French  fchool  will  not  at¬ 
tempt  to  fupprefs  that  well-known  name,  and  exchange  it  for 
carbon.  Neither,  I  fuppofe,  will  they  call  charcoal  an  oxide 
of  carbon,  though  proved  to  contain  fome  portion  of  oxygen  ; 
and  for  the  fame  reafon  I  ffiall  not  exchange  the  well-known 
term  plumbago  for  that  of  carburet  of  iron ,  though  with  re- 
fpe&  to  fimilar  compounds  of  other  metals  the  term  carburet 
fliould  he  employed. 

This  iyftem  of  conciliation  the  French  fchool  rcjedls  with 


*  It  is  with  much  regret  and  reluctance  I  mention  this  gentleman  under 
this  new  name,  as  lie  was  generally  known,  and  gamed  immortal  fame, 
under  that  of  Morveau ;  hence  I  ihall  hill  ufe  this  in  quoting  his  former 
works. 


difdain. 
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difdain.  Guyton  tells  us,  <e  it  is  fo  much  more  difficult  to 
conceive,  as  it  is  an  evident  facrifice  of  principles  to  habits 
as  if  the  ground  of  their  fydem  of  nomenclature  were  univer- 
fally  allowed,  and  afforded  rules  fo  hriCt  and  general  as  to 
enjoy  the  lingular  privilege  of  admitting  no  exception  !  as  if 
there  was  no  fuch  thing  as  principles  of  convenience ,  or,  it 
there  were  inch  principles,  that  they  were  to  be  fa  cr  diced  to 
mere  fpeculative  truths  (if  truths)  of  much  lets  importance: 
a  truly  harlh,  intolerant,  and  defpotic  maxim  !  as  ill  calcu¬ 
lated  to  point  out  the  moll  advantageous  road  to  feience,  as 
the  maxim  that  a  draffiht  line  ffiould  always  be  followed, 
would  be  to  infure  us  the  beft  road  to  the  fummit  of  a 
mountain,  though  prefenting  in  that  direction  a  feries  of 
fcabrous  and  abrupt  precipices;  and  hence  departed  from  by 
Lavoilier  himfelf,  as  we  have  feen  in  the  in  dances  od J'altpeire 
and  borax ,  and  indeed  by  the  whole  French  l’chool  in  the 
mftances  of  water  and  diamond ,  as  already  mentioned  :  for 
common  fenfe,  in  fome  inftance  or  other,  feldom  fails  of  af- 
ferting  its  rights  :  yet  Lavoilier  tells  us  he  was  cenfured  (by 
fome  chemical  bigots)  for  this  condefcenlion.  The  principles 
of  religion  and  juftice  are  the  only  that  can  in  no  poffible  cafe 
yield  to  conveniency. 

Among  many  juft  reflections  that  occur  in  the  preface 
to  Lavoifier’s  celebrated  elementary  treatife  of  ehemidry, 
there  are  fome  connected  with  this  fubjeCt  that  appear  to 
me  not  quite  correCt.  Thus,  p.  x.  (of  the  original)  he  tells 
us,  6i  that  the  only  way  of  avoiding  thefe  errors  (unfounded 
hypothefes)  is  to  fupprefs  reafoning,  or  at  lead  to  dmplify 
it  as  much  as  poffible,  as  it  proceeds  horn  us,  and  can  alone 
lead  us  allray;  to  try  it  always  by  the  ted  of  experiment,  to 
preferve  only  the  faCts,  which  are  the  data  given  by  nature, 
and  which  cannot  deceive  us;  to  feek  for  truth  only  in  the 
natural  concatenation  of  experiments  and  obfervations,  as 
mathematicians  arrive  at  the  folution  of  a  problem  by  the. 
limple  arrangement  of  the  data,  &c.”  From  this  paragraph 
nye  might  be  led  to  conclude  that  all  reafoning  ffiould  be  ba- 
niffied  from  chemical  invedigation,  or,  at.  lead,  that  only  the 
fimpl^d  ffiould  be  admitted ;  yet  it  may  eafily  be  ffiown  that 

*  Ann.  Chem.  ^XV.  p.  207. 
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the  moft  fignal  inftances  of  fuccefsful  chemical  inveftigation 
in  the  obfcureft  fubje&s,  and  the  happieft  difplay  of  chemical 
fagacitv,  are  the  refults  of  very  complicated  reafoning.  Such 
is  Berthollct’s  theory  of  aqua  regia,  Berthollet  and  Welter’s 
obfervations  on  hepatic  air,  Fourcroy’s  on  hepatic  waters, 
Vauquelin’s  theory  of  the  mutual  decompofition  of  nitrous 
air  and  the  folution  of  vitriol  of  iron  *,  mod  of  Scheele’s  and 
many  of  Klaproth’s  analyfes,  and  a  few  others. 

The  juft  arrangement  to  which  mathematicians  owe  the 
eafy  folution  of  their  problems,  is  itfelf  the  refult  of  profound 
reafoning,  as  is  evident  in  the  formation  of  equations.  But 
the  modes  of  reafoning  employed  in  the  folutions  of  mathe¬ 
matical  and  chemical  problems  cannot  properly  be  compared, 
the  former  being  founded  on  the  relation  of  identity  or  equa¬ 
lity,  and  the  latter  on  that  of  caufe  and  effect. 

Page  vi.  he  tells  us,  (e  it  is  the  feries  of  fa<5ts  that  confti- 
tutes  fcience.”  I  fhould  rather  fay,  it  was  a  knowledge  of 
the  relation  that  fubfifts  between  the  fa£ts  that  occur;  but 
neither  the  fa£ts  themfelves  can  often  be  difeovered  without 
much  fubtile  reafoning,  nor  can  they  be  marfhalled  in  a  lu¬ 
minous  feries  without  difcovering  the  reciprocal  relations  of 
the  component  ingredients  of  compound  fubftances  to  each 
other )  a  difeovery  which  often  requires  an  elaborate  train  of 
reafoning. 

Laftly,  both  he  and  Morveau  tell  us  that  the  memory  of 
learners  is  ftngularly  relieved  by  compound  denominations 
exprefling  the  component  ingredients  of  each  compound. 
In  reply  to  which,  I  fay,  that  the  fcience  is  not  to  be  charged 
with  a  cumberfome  train  of  words  merely  to  gratify  the  indo- 
ience  of  beginners.  Are  we  then,  on  every  occafton,  to  fub- 
ftitute  the  definition  of  words  for  the  words  themfelves  ?  Are 
we,  in  imitation  of  the  Germans,  to  fay  a  handjhoe  inftead  of 
a  glove  P  Helvetius  has  long  fmee  remarked,  that  every  man 
ef  common  underftanding  poflefles  fufiicient  powder  of  memory 

*  All  foreign  chemifts  are  infinitely  obliged  to  him  for  giving  the  old 
denominations  of  weights  and  meafures  inftead  of  centimetres,  &c.  Cfte- 
miftry  aims  at  enlightening  the  world,  and  not  Frenchmen  alone;  it 
■Should  therefore  fpeak  a  language  univerfaliy  underftood,  and  fhake  off 
the  yoke  of  national  pedantry. 
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to  retain  the  fignification  of  mod  words  in  his  own,  and  often 
of  thofe  of  feveral  other  languages  :  chemiftry  and  mineralogy 
together  fcarcely  prefent  two  hundred  appertaining  to  them 
alone;  neither  the  fciences  of  adrononly,  law,  or  medicine, 
afford  fewer. 

The  fafhionable  rage  of  coining  new  words  from  the  Greek, 
*t without  any  necejjity ,  has  been  particularly  baneful  to  mine¬ 
ralogy,  infomuch  that  foreigners,  though  well  acquainted  with 
the  received  terminology,  cannot,  without  being  verfed  in  that 
language,  underdand  the  meaning  of  the  new-fangled  terms 
lately  introduced.  It  is  well  known  that  the  mineralogical 
knowledge  of  all  Europe  is  chiefly  derived  from  the  Germans 
and  Swedes,  whole  nomenclature  is  in  mod  indances  the 
fame,  and  where  any  ambiguity  has  arifen  it  has  been  re¬ 
moved  by  the  exertions  of  Werner.  His  nomenclature, 
where  not  too  difeordant  with  the  language,  or  at  open  va¬ 
riance  with  the  received  technical  names  of  other  countries, 
ihould  therefore,  for  the  fake  of  precifion  and  uniformity,  be 
universally  preferved. 

Abbe  Haiiy,  who  is  now  preparing  a  treatife  of  minera¬ 
logy,  of  which  the  highed  expe&ations  are  judly  entertained, 
fince,  in  addition  to  his  own  fuperior  intelligence  and  pro¬ 
found  phyfical  knowledge,  he  is  abided  with  the  chemical 
abilities  of  Guyton,  Vauquelin,  Defcotilles,  and  many  others, 
and  the  extenfive  refearches  of  Dolomieu,  feenis  convinced 
of  the  propriety  of  retaining  the  received  terminology,  at  lead 
for  the  prefent,  with  the  limitations  and  redri£tions  above 
mentioned  ;  for,  in  bis  prefatory  dilcourfe.  Journal  dcs 
Mines,  XXVII.  p.  224,  be  tells  us,  “  that  With  refpedl  to 
minerals  of  the  tlrd  clafs  (that  is,  confiding  of  mere  earths), 
he  left  them  thofe  names  which  they  had  hitherto  borne*  and 
did  not  take  the  liberty  of  impufing  new  ones,  except  in  cafes 
of  neceffity,  as  where  a  new  fpecies  occurred,  either  formerly 
unknown,  or  confounded  with  on£  of  a  different  nature.  We 
have  altered  fuch  names  only  as  were  intolerably  ambiguous/ * 

Yet  after  this  declaration  w'e  find  the  following  new- coined 
names : 

Tclejia ,  for  oriental  rubies,  fapphires,  and  topazes.  Thus 
fapphire  is  called  llies  tclejia,  Scc.—^Cy  mop  bant,  for  the  chry- 
Vol.VtiL  E  e  '  foberil 
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ioberil  of  Werner. — Amphibole  for  cry  ft  alii  fed  hornblende.— 
Pyroxene ,  alfo  cryftallifed  hornblende;  at  leaft  I  have  reafon 
to  think  fo,  for  of  the  eleven  external  characters  of  both, 
given  by  La  Metherie,  there  is  only  one  in  which  they  ab- 
folutely  differ,  that  is,  the  electrical . — Staurotide  for  ftauro- 
lite,  the  name  very  properly  impofed  by  La  Metherie  inftead 
of  the  compound  name  it  bore  before. — Axinite  I  believe  to 
be  only  a  variety  of  thumerftein. — ■Adlinote  for  aCtinolite,  the 
termination  Ute  mod  properly  denoting  a  (tone. — Thalliie  for 
delphinite,  the  name  already  given  it  by  Sauffure. — Idocrafe 
feems,  as  I  conjecture  (feeing  no  exaCt  account  of  it),  a  va¬ 
riety  of  olivin. 

I  pafs  over  feveral  new  names,  as  euclafe ,  dioptafe ,  cha- 
hajie ,  &c.  as  they  may  poftibly  denote  new  fpeeies,  which  I 
with  were  fettled  in  conjunction  with  Berthout  or  Van  Buch, 
or  fome  of  the  Wernerian  fchool.  Yet  even  thefe  denomi¬ 
nations,  we  are  told,  are  only  provijional ,  being  hereafter  to 
be  altered  as  analyfes  may  require. 

I  muft  here  add,  by  way  of  note,  that  C.  Guyton,  in  re¬ 
viewing  the  firft  volume  of  my  Mineralogy,  Ann.  Chem. 
|).  105  and  106,  has  fallen  into  two  miftakes,  which  I  am 
perfuaded  his  candour  will  prompt  him  to  acknowledge.  The 
firft  is,  in  dating  that  my  experiments  on  the  fufibility  of  dif¬ 
ferent  ftones  and  earths  were  made  in  limeftone  veffels, 
whereas  they  were  in  Heffian  crucibles.  The  fecond  is,  in 
ftating  the  alleged  infuftbility  of  barytic  earth  and  lime  as 
the  refult  of  my  experiments,  whereas  I  exprefsly  quoted 
Lavoifier,  having  myfelf  made  no  experiments  on  fuch  mix¬ 
tures.  (See  Mem.  Par.  1783,  p.  599  and  600.)  Other 
writers  have  frequently  imputed  to  me  miftakes  of  Bergman* 
though  I  exprefsly  quoted  him. 
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III*  A  brief  'Examination  of  the  received  Doctrines  reflecting 
Heat  or  Caloric .  By  Alexander  Tillqch.  Read 
before  the  AJkefan  Society ,  December  i'799* 

rCon:luded  from  Paye  126. 1 

T 

J.  SHALL  now  endeavour  to  prove  that  the  pofition  which 
maintains  that  u  heat,  when  in  chemical  union  in  bodies, 
cannot  be  made  to  manifeft  itfelf  but  by  the  action  of  fome 
new  chemical  affinity,  does  not  hold  univerfally,  and  there¬ 
fore  may  fairly  be  queftioned. 

Gafes,  as  every  one  knows,  are  formed  by  the  folutioh  of 
certain  bafes  in  caloric.  (Whether  light  be  alfo  an  ingre¬ 
dient,  or  whether  light  be  a  mod  ideation”  of  heat,  or  vice 
erf  a ,  affedts  not  the  prefent  argument.)  The  bafe  or  bafes, 
and  the  caloric,  are  chemically  united,  and  therefore  the  ca¬ 
loric,  according  to  the  received  do£irine,  is  latent  in  the  gas; 
it  is  not  cognifable  by  ariy  external  Jign  or  organ  of  fenje,  f 
fi* all  not  flop  to  infill  here  upon  the  large  increafe  of  volume 
acquired  by  the  bafe  fo  diffblved — an  increafe  cognifable  by 
our  organs  of  vifion,  and  alfo  tangible  if  the  gas  be  received 
in  a  bladder,  having  already  uled  a  fimilar  argument  when 
fpeaking  of  the  converfion  of  water  into  It  earn — but  proceed 
to  obferve  that  this  chemically  combined  caloric  may  be,  par¬ 
tially  at  lead,  feparated  from  its  bafe  by  means  merely  me¬ 
chanical. 

To  fuppofe  that  any  body  can  by  mechanical  force  be  re¬ 
duced  into  a  fmaller  compafs  without  any  portion  of  its  ori¬ 
ginal  ingredients  being  thereby  driven  out  of  the  rnafs,  would 
be  an  abfurditv.  When  we  attempt  to  comp  refs  in  a  metallic 
veffiel,  of  a  known  capacity,  a  quantity  of  any  gas  equal  in 
volume  to  twice  that  capacity,  we,  by  the  mechanical  force 
employed  with  that  view,  abfolutely  caufe  a  portion  of  one  of 
the  ingredients  in  the  compofition  of  the  gas  to  percolate 
through  the  materials  of  which  the  veffiel  is  made  (every  fub- 
ftance  in  nature  being  pervious  to  heat).  That  ingredient, 
that  fubftance,  is  heat.  The  veffiel  in  this  cafe  performs  the 
office  of  a  filter,  differing  the  heat  to  pafs,  but  keeping  back 
the  other  ingredients;  and  the  quantity  of  heat  paffied  off  in 
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this  cafe  will  be,  if  denominated  by  its  volume',  exactly  of  the 
hulk  of  the  capacity  of  the  veffel,  If  the  veffel  has  be^n 
charged  with  a  quantity  of  gas  equal  in  bulk  to  three  times 
its  own  capacity,  the  heat  forced  out  will  be  equal  in  hulk  to 
twice  that  capacity ;  and  fo  of  any  other  proportion  of  charge. 

Here,  then,  the  fame  effeCl  takes  place  as  when  we  con¬ 
fine  fleam ;  the  means  are  mechanical  in  both  ;  the  heat  is 
fqueezed  out  through  the  fldes  of  the  veflel  by  the  force  em¬ 
ployed,  as  water  is  fqueezed  from  a  fpunge  by  preflure  ap¬ 
plied  to  it.  Was  the  water  in  the  fpunge  of  a  different  na¬ 
ture  before  and  after  being  expreffed,  firft  latent  and  then 
fenfible  ?  If  it  would  be  abfurd  to  fay  fo,  why  fhould  we  lup- 
pofe  heat,  when  diflodged  by  flmilar  means,  to  have  under¬ 
gone  any  change  as  to  its  nature,  and  to  have  been  latent 
before  but  fenfible  after  ?  meaning  thereby  that  its  charaCter- 
iftic  properties  were  different  before  and  after  the  procefs. 

But  have  we  any  experiments  that  prove  heat  to  be  actually 
feparated  by  mechanical  force  from  fubflances  in  which  it  is 
held  to  be  latent  or  in  chemical  union  P  When  the  condei/or 
of  an  air-gun,  or  any  other  proper  veffel,  is  charged  with 
more  than  one  atmofphere,  the  materials,  as  the  procefs  goes 
on,  become  of  a  higher  temperature  than  the  furrounding 
bodies*,  and  heat  is  p'iven  off  to  them.  This  (hows  that 
heat  is  expreffed  from  the  contained  air;  and  that,  not  being 
able  to  pafs  freely,  but  forced  to  pafs  more  or  Icls  flowlv, 
according  to  the  conducting  power  of  the  materials  of  the 
veflel,  it  is  partially  accumulated  in  the  materials,  and  then 
from  them  palled  off  to  furrounding  bodies  to  reflore  equili¬ 
brium  according  to  the  general  law. 

If  the  wall  of  feparation,  which  forces  the  confined  gas  to 
remain  charged  with  a  fmaller  quantity  of  heat  than  its  con¬ 
futation  would  permit,  but  for  the  violence  employed,  be 
removed,  what  takes  place  ?  The  gas  inftantly  feizes  upon 
£  portion  of  the  caloric  employed  in  maintaining  the  common 
temperature  of  the  furrounding  bodies,  fitted  to  its  own  car 
pacity  in  its  unrcflrained  date,  and  in  confequenqe  refumes 
its  original  volume.  This  plainly  appears  to  be  the  cafe, 

*  Sec  Dr.  Darwin  s  paper  on  this  fubjedt,  Philofophical  Tranfodtions 
fpr  17S80 
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for  any  fubftance  placed  before  the  cock  when  it  is  opened 
is  reduced  in  temperature.  Water  fo  placed  will  even  bo 
converted  into  ice,  in  confequence  of  a  portion  of  its  heat 
being  violently  feized  upon  by  the  gas,  and  more  quickly 
taken  into  union  with  it  than  the  privation  experienced  by 
the  water  is  compenfated  for  by  furrounding  bodies  in  the 
pafiage  of  caloric  from  them  to  reftore  the  equilibrium. 

I  am  aware  that  it  may  be  objected  again  ft  this  experiment, 
indeed  I  have  heard  the  objection  offered,  that  the  fridtion  of 
the  forcing  fyringe  mull  excite  or  accumulate  a  confiderable 
portion  of  heat  in  the  materials  of  which  it  is  made ;  that 
the  air,  paffing  inftantly  from  it  into  the  condenfing  ball, 
mufl  neceflarily  carry  a  portion  of  the  heat  along  with  it, 
having  no  intermediate  bodies  to  come  in  contadt  with;  and 
that  therefore  wre  have  no  evidence  of  heat  being  in  this  cafe 
expreffed  from  the  compreffed  air. 

Some  force  might  be  allowed  to  this  objedtion,  if  the  air, 
when  liberated,  had  no  effedt  in  reducing  the  temperature  of 
the  bodies  expofed  to  it;  but,  as  it  has  the  power  of  taking 
from  them  a  portion  of  their  heat,  and  of  reducing  them  below 
the  common  temperature,  the  objection  falls  to  the  ground: 
for,  if  the  heat  found  to  be  accumulated  in  the  materials  of 
the  condenfing  ball  was  only  a  confequence  of  its  containing 
air,  made  hot  by  pajjlng  from  a  cylinder  heated  by  j  notion ,  the 
air  when  liberated  fhould  blow  hot ,  and  raife  the  temperaure 
of  the  bodies  expofed  to  the  dream  inftead  of  lowering  it,  as 
we  find  it  does.  The  reafoning  here  is  conclufiye,  but  any 
perfon  may  alfo  have  the  evidence  of  a  diredt  experiment. 
Expofe  the  ball  of  an  air-gun,  charged  only  wdth  one  atmo- 
fphere,  to  the  heat  of  a  common  fire  till  the  temperature  of 
the  ball  be  raifed  a  few  degrees :  the  contained  air  will  now 
be  in  a  fituation  to  expand  itfelf  as  foon  as  the  valve  is 
opened;  for  we  know  that  the  air  has  been  heated  by  the 
ball.  Expofe  a  thermometer  to  the  aperture  as  the  air  efcapes, 
and  the  thermometer  will  indicate  an  increafed  temperature. 

I  have  heard  fome  object  to  the  inference  from  a  con¬ 
senting  ball  being  heated  u'hen  charged,  by  queftioning  the 
(adt,  for  “  they  have  often  applied  their  hand  to  it  without 
§  '  perceiving 
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perceiving  any  fuch  effect.”  It  may  be  true  that  a  thick  ball 
of  fmall  capacity  will  not  give  any  fenfible  indication  of  heat 
to  a  hand  applied  to  it,  or  even  to  a  fluggifh  thermometer, 
which  can  only  touch  it  in  one  point ;  for,  where  a  large 
mafs  of  materials  is  ready  to  receive  the  heat  as  it  is  expreffed 
from  the  air,  the  effedf  may  not  be  immediately  obvious  :  it 
would  be  a  long  time  before  a  large  piece  of  ordnance  could 
be  made  fenfibly  hotter  by  applying  the  flame  of  a  taper  to  it, 
but  who  would  therefore  deny  that  heat  has  palled  into  the 
metal  ?  In  Read  of  applying  their  hands  to  the  condenfmg 
ball,  let  them,  as  before  hated,  place  a  thermometer  in  the 
ft  ream  of  the  air  when  liberated,  and  they  may  receive  com¬ 
plete  evidence  that  the  air  demands  a  portion  of  caloric  to 
bring  it  into  equilibrium  with  the  furrounding  bodies,  which 
could  not  poffibly  be  the  cafe  if  it  had  not  previoufly  fuffered 
feme  privation. 

I  fliall  here  briefly  hate  the  refults  of  an  experiment  under¬ 
taken  for  the  exprefs  purpofe  of  afeertaining  whether  there 
had  been  any  miftake  in  the  facts  reported  by  others  refpeef- 
ing  the  phenomena  which  accompany  the  compreflion  of 
air  *. 

By  means  of  a  powerful  fyringe  A,  Plate  VI.  fig.  i. 
(23  inches  long  and  2  infide  diameter)  made  faff  to  one  end 
of  a  table  and  to  the  floor  of  the  room,  the  vefTel  B,  con- 
ftrucied  of  tinned  copper,  and  made  faff  to  the  other  end  of 
the  table,  was  charged  with  as  much  air  as  could  be  forced 
into  it  by  the  Rrength  of  one  man.  The  temperature  of  the 
room  was  59°.  By  the  condensation  of  the  air,  the  thermo¬ 
meter  C,  introduced  into  a  tube  foldered  into  the  vefTel  B 
(and  -open  at  its  exterior  extremity),  was  railed  feven  de¬ 
crees.  On  expofing  the  bulb  of  another  thermometer  to 

the  orifice  of  the  cock  D,  which  was  then  opened  to  dif- 

/ 

For  the  execution  of  this  experiment  I  am  indebted  to  the  London 
•’P.hitoibphical  Society.  Having  ftated  to  that  Society  the  fa£t,  which  I 
u  iihed  to  ice  ascertained,  the  iubjedt  was  taken  up  with  that  alacrity  and 
zeal  which  c  ha  radio  riles  aU  its  proceedings.  The  apparatus  was  prepared 
by  Mr.  Varley,  experimenter  to  that  indication,  and  the  experiment  was 
made  in  the  prefence  pf  the  Society  op  the  xSth  of  November  1799.' 

charge 
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charge  the  air,  that  thermometer  funk  to  nine  degrees  below 
the  temperature  of  the  room,  or  fixteen  degrees  below  the 

point  to  which  the  other  had  been  raifcd  by  the  expreffed 
heat. 

It  cannot  be  urged  that  in  this  experiment  the  air  pafletl 
immediately  from  the  fyringe  into  the  air-velTel,  for  it  had 
to  traverfe  a  tube  interpofed  between  them  of  about  four  feet 
in  length. 

ISow,  when  it  is  confidered  that  the  thermometer  was  in, 
contact  with  the  veflel  B  in  only  one  minute  point  (for  the 
tube  in  which  it  was  inferted,  and  .again  ft  the  fide  of  which 
the  bulb  refted,  was  more  than  three  times  the  diameter  of 
the  bulb),  and  that  the  whole  furface  of  B  was  above 
fquare  inches  3  and  when  it  is  alfo  recollected  that  only  a 
fmall  portion  of  the  effebt  which  the  air  illuing  from  D  was 
capable  of  producing  could  manifeft  itfelf  by  means  of  the 
thermometer  expofed  to  its  action  (as  the  thermometer  was 
obliged  to  be  kept  at  fome  diftance  to  prevent  its  being 
broken  by  the  difeharge  of  the  air);  fome  idea,  though  not 
an  adequate  one,  may  be  formed  of  the  mafs  of  heat  that 
muft  have  been  thrown  off'  from  the  whole  furface  of  B  in 
the  procefs  of  charging  that  veffel  *. 

The 

Subfequent  to  the  delivery  of  the  prefent  paper  to  the  Society,  I  received 
Mr.  Mufhet’s  in-terefting  communication,  which  was  afterwards  inferted 
iti  the  Philofophical  Magazine  for  February  1800.  It  contains  feme  cu¬ 
rious  fadts  which  confirm  and  illuflrate  the  refults  obtained  from  this  ex¬ 
periment.  Speaking  of  the  effedts  produced  in  the  blalt-furnace  by  the 
nature,  ccmpreffion,  and  velocity  of  the  air  uTed,  he  obferves  that  the  com- 
prelfion  always  occafions  an  incrcafe  of  temperature.  On  entering  a  blow¬ 
ing  cylinder  immediately  after  flopping  the  engine,  he  finds  the  thermo¬ 
meter  rile  from  158  to  17A0  higher  than  the  furrounding  atmofphere.  A 
thermometer  held  in  the  middle  of  the  current  of  blafl  was  found  to  be 
reduced  below  the  common  temperature  as  much  as  the  cylinder  was 
railed  above  it.  In  fome  cafes,  when  the  common  temperature  is  about 
540,  the  blaft,  as  it  ilfues,  will  link  tire  thermometer  20  or  3*  below  the 
freezing  point. 

He  dates  another  fadt  (fee  alfo  Mr.  Fmebuck's  paper,  Philofophical 
Magazine,  Vol.  VI.p.  324.),  which  completely  does  away  every  idea  of 
any  part  of  the  efiedl  being  derived  from  firidtion.  At  fome  iron  works 
au -vaults  of  from  6o;ooo  to  70,000  cubical  feet  in  content  are  employed  for 

the 
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The  reful ts  obtained  by  the  preceding  experiment,  though 
only  a  fmall  part  of  the  effe&  could  be  appreciated,  are  Effi¬ 
cient  to  afcertain  the  fadl  it  was  meant  to  eftablifh — that  the 
do&rine  which  afferts  heat  to  exift  in  a  latent  date  in  the' 
atrnofphere,  and  confequently  to  be  not  feparable  from  it 
without  a  chemical  decompofition  of  the  air,  cannot  be  true, 
otherwife  mechanical  preffure  and  chemical  decompofition 
mean  the  fame  thing,  which  the  advocates  for  the  exigence 
of  heat  in  two  diftindt  hates  will  hardly  maintain. 

But  the  effect  would  be  much  more  ftriking,  and  the 
quantity  of  heat  could  even  be  comparatively  eftimated  by 
employing  in  the  experiment  fuch  an  apparatus  as  would 
enable  us,  in  fome  meafure,  to  intercept  the  heat  as  it  paffes 
off  from  the  whole  furface  of  the  air-holder,  and  accumulate 
it  in  fome  liquid. 

After  thinking  on  various  contrivances,  with  this  view,  a 
method  of  conffrudting  fuch  an  apparatus  occurred  to  me,  a 
defcription  of  which,  though  I  have  not  yet  had  time  to  carry 
it  into  execution,  I  beg  leave  to  lay  before  the  Society. 

Defcription  of  a  Gafo- Calorimeter. 

The  gas-holder  A,  fig.  %.  of  any  capacity,  fay  a  quart,  con- 
flrudted  of  tinned  copper  or  any  other  metal,  well  foldered 
and  riveted  at  the  joinings,  fhould  be  made  double,  or,  in 
other  wrords,  the  veffel,  properly  called  the  gas-holder,  fhould 
be  co'vered  with  another  of  the  fame  (hape  made  of  thin  metal, 
(as  tinned  iron)  in  fuch  a  manner  that  the  two  may  not 
touch  each  other  except  at  the  lower  part,  where  they  are 
fitted  on,  and  foldered  faft  to  one  common  collar.  By  this 
means  a  (pace  is  left  between  the  exterior  furface  of  the  gas-  ; 
holder  and  the  interior  of  the  cover,  to  be  filled  with  a  fluid 
for  the  purpofe  which  fhall  immediately  be  ftated.  The  in¬ 
terior  veffel,  which  is  to  receive  the  gas,  is  open  at  the  collar, 
and  into  this  collar  is  fitted  the  cock  B,  made  of  glafs,  be- 
caufe  of  the  mercury  to  be  employed  in  the  experiments,  and 

the  purpofe  of  equalifing  the  blaft.  In  thefe  the  increafe  of  temperature 
is  more  fe;  fible  than  in  the  blowing  cylinder.  It.  takes  place  at  a  eon- 
fiderable  diltance  from  any  mechanical  fribtion,  Is  therefore  evidently 
produced  by  heat  extricated  from  the  air- 

for 
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for  the  convenience  of  feeing.  The  exterior  vefiel  ha?  an 
opening  at  the  top  C,  into  which  is  fitted  a  glafs  tube  CD. 
Through  this  tube  (or  before  fixing  the  tube  in  its  place)  fill 
the  fpace  between  the  interior  and  exterior  vefiel  with  any 
coloured  liquid. 

If  this  double  vefiel  be  now  filled  with,  and  immerfed  in. 
Warm  water,  it  is  plain  that  the  heat  thus  communicated  to 
it  will  expand  the  coloured  liquid  contained  between  the  in¬ 
terior  and  exterior  Cat  faces,  and  make  it  rife  to  fuch  a  height 
in  the  glafs  ttibe  as  fiiall  correfpond  to  the  temperature  of  the 
water  in  which  it  is  immerfed.  By  employing  water  of  dif¬ 
ferent  temperatures  the  different  degrees  of  heat,  as  afeer- 
tained  by  an  accurate  thermometer,  may  be  marked  upon  the 
tube,  or  on  a  fcale  attached  to  it;  and  thus  the  vefiel  itfelf 
will,  in  fa£t,  become  a  large  hollow  thermometer. 

To  the  lower  end  of  the  cock  B  attach  another  vefiel  E, 
tirade  of  Call  iron,  furnifhed  with  two  other  cocks,  d  and  b> 
and  connected  with  the  vertical  tube  FG,  made  of  iron  (a 
feries  of  gun  barrels  properly  joined  to  each  other)  or  of  glafs, 
fecured  by  a  cafe  of  wood,  with  cement  interpofed  between 
it  and  the  glafs. 

Provide  alfo  a  vefiel  of  the  fame  capacity  as  the  internal 
dimenfions  of  the  gas-holder  A.  This  vefiel  may  be  called 
the  meafure.  > 

From  the  above  fhort  defeription  the  eonfirudtion  of  the 
gafo-calorimeter,  its  ufe,  and  the  way  of  operating  with  it, 
tnay  be  eafily  conceived. 

Open  the  cocks  a  and  F,  and  pour  mercury  into  the 
funnel  at  G.  It  will  rife  in  E,  driving  the  air  before  it, 
which  will  efcape  by  the  cock  a.  Having  in  this  Way  filled 
the  vefiel  E  with  mercury  up  to  the  cock  B,  (hut  the  cock  F, 
place  the  meafure  before  mentioned  below  the  cock  b ,  and 
by  that  cock  draw  off  one  meafure  of  the  mercury.  It  is 
obvious  that  by  fo  doing  one  meafure  of  air  will  at  the  fame 
time  pafs  into  E  through  the  cock  a  *.  The  cocks  a  b  being 
now  Ihut,  pour  mercury  into  the  tube  FG  to  any  convenient 
height;  open  the  cock  B,  and  then  the  cock  F.  The  mea- 


*  Any  other  gas  may  be  introduced  by  connecting  this  cock  with  a 


pneumatic  apparatus. 
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fare  of  air  contained  in  the  veffel  E,  having  now  no  way  t© 
efcape,  will,  by  the  afcent  of  the  mercury  in  E,  be  forced  to 
pafs  through  the  cock  B  into  the  gas-holder  A.  As  foon  a-S 
this  is  perceived;,  by  the  mercury  (bowing  itfelf  in  the  glafs 
cock  B,  (hut  that  cock.  , 

The  gas-holder  will  thus  become  charged  with  two  atmo¬ 
fpheres,  and  that  in  a  way  fo  expeditious  as  to  allow  bu^. 
little  time  for  the  efcape  and  lofs  of  caloric,  efpecially  if  the 
tube  FG  be  of  large  diameter,  and  if  the  veffel  E  have  beers- 
previoufly  lined,  and  the  veffel  A  covered  over  with  fome 
bad  conductor  of  heat.  The  expreffed  heat  muff  then  pals 
through  the  Tides  of  the  gafo-calorimeter,  and  there,  exer- 
cifing  its  adlion  on  the  interpofed  thermometric  fluid,  muff 
make  it  afcend  in  the  tube  CD  to  a  height  proportioned  to 
the  heat  thus  communicated  to  the  fluid  *. 

Another  atmofphere  may  be  introduced  by  (hutting  the 
Cock  F,  opening  a  and  h,  and  withdrawing  another  meafure 
of  mercury  as  before,  and  then,  by  mercury  poured  into  GF, 
making  the  air  to  afcend  into  A,  in  the  manner  already  de- 
fcribed  f.  Then  note  again  the  height  to  which  the  ther¬ 
mometric  fluid  rifes  in  CD;  and  fo  of  a  fourth  or  a  fifth 
atmofphere  ;  obferving  that  the  height  of  the  column  of  mer¬ 
cury  in  FG  muff  always  be  proportioned  to  the  number  of 
atmofpheres  to  be  introduced. 

The  quantity  of  coloured  fluid  contained  between  the  ex> 
terior  and  interior  of  the  double  veffel  A,  (hould  be  deter¬ 
mined  by  weighing  the  quantity  introduced  before  gradu¬ 
ating  the  tube  CD.  By  this  means  it  will  be  poflible  to  de¬ 
termine  not  merely  how  many  degrees  the  heat  expreffed  from 
the  air  raife's  the  fluid  in  the  tube  CD,  but  to  how  many 
ounces  of  the  fluid  it  communicates  that  degree  of  tempera¬ 
ture.  The  weight  of  the  materials  of  which  the  double  veffel 

As  mercury  is  found  to  be  a  good  conductor  of  heat,  it  would  be 
advifable  to  have  a  little  oil,  or  fome  other  liquid,  in  the  veifel  E,  before 
the  fit  ft  introduction  of  the  mercury.  The  oil  would  rife  on  its  furface, 
and  the  interpofed  ftratum  rifing  with  the  mercury  prevent  its  contact  with 
ffie  air  driven  before  it  into  the  veffel  A. 

f  Or  two  or  more  atmofpheres  may  be  forced  up  at  once,  if  the  velTel  E 
be  made  of  fuffidefit  capacity. 
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is  made,  fhould  be  alfo  determined*  that  it  may  te  known 
how  many  ounces  or  pounds  of  metal  have  alfo  been  heated 
to  the  fame  decree. 

The  converfe  may  be  exhibited  by'  the  fa  me- apparatus  by 
a  different  mode  of  operating.  Detach  the  veiTei  A  from  the 
veffel  E  ;  invert  it,  and  fill  it  with  water,  previoufly  deprived 
of  air  by  boiling  or  by  the  air-pump,  and,  having  (hut  the 
cock  B,  again  invert  it  and  join  it  to  the  veffel  E.  Fill  the 
latter  ^vith  mercury  in  the  manner  that  has  been  already  de^ 
fcribed,  and  to  the  cock  h  adapt  an  iron  tube,  of  31  or  33 
inches  in  length,  to  defcend  vertically  into  a  bafon  of  mer¬ 
cury.  If  the  cocks  B  b  be  now  opened,  all  the  others  being 
fhut,  mercury  will  defcend  from  E,  through  the  tube  fitted 
to  b}  into  the  bafon  in  which  the  lower  extremity  of  the  tuba 
is,  and  the  water  will  pafs  from  A  into  E,  leaving  a  vacuum 
in  A.  When  the  water  has  all  paffed  out  of  A,  fhut  the 
cock  B. 

>  If  one  atmofphere  be  now  introduced  into  E,  and,  the 
cocks  a  and  b  being  fhut,  be  compreffed  into  a  half,  a  fourth, 
or  a  fifth  of  its  original  volume,  by  means  of  a  proportionate 
column  of  mercury  in  the  tube  FG,  heat  will  be  expreffed 
from  the  air,  which  muft  pafs  off  through  the  fides  of  the 
veffel  E.  Allow  the  apparatus  to  hand  for  feme  hours,  till 
every  thing  connected  with  it  has  come  to  the  common  tem¬ 
perature.  Then  open  the  cock  B,  and  the  compreffed  air, 
finding  itfelf  at  liberty,  will  pafs  up  into  the  vacuum 
in  A,  where  it  will  find  fpace  to  expand  itfelf  to  its  natural* 
volume,  the  quantity  employed  being  one  meafure,  or,  in 
other  words,  equal  exactly  to  the  capacity  of  A.  The 
mercury  fhould  alfo  be  allowed,  by  opening  the  cock  F,  to 
afeend  tijl  it  reach  the  cock  B.  But  the  air,  in  refuming 
its  original  volume,  will  demand  heat  from  the  materials  of 
which  A  is  conlfruCted,  and  from  the  thermometric  fluid 
of  A,  fafter  than  they  can  receive  it  from  the  atmofphere  and 
contiguous  bodies,  efpecially  if  defended  by  a  covering  made 
of  a  bad  conducting  fubftance;  and,  as  a  neceflary  con- 
fequence  of  this,  the  thermometric  fluid  will  fall  in  the 
tube  FG. 

If  heat  be  thus  detected  pairing  from  or  into  air  by  mere 
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preffure,  or  the  contrary,  and  that  it  will  we  have  already* 
fufficient  evidence,  of  what  kind  is  zhe  heat  P  According  to 
the  received  dodtrine,  it  is  neither fenjihle  nor  latent  heat;  for 
that  heat  which,  united  to  oxygen  and  azot,  forms  atmo- 
fpheric  air,  is  no*  fenfible^  and  that  which  raifes  the  tempe-f 
.nature  of  bodies  is  not  latent :  but  this  heat  conjlitutes  one- 
half,  two-thirds,  three-fourtUs,  or  four-fifths  of  atmofpheric 
air  (according  to  the  number  of  atmofpheres  compreffed  into 
one),  is  a  conftituent  chemical  ingredient  of  the  atmofphere, 
and  therefore  latent  heat;  and  yet  it  raifes  the  temperature 
of  other  bodies,  without  being  feparated  from  its  union  with 
the  oxygen  and  azot  by  the  exercij'e  ojf  any  chemical  affinity  $ 
therefore  it  is  fenfible  heat. 

The  dodtrine  leems  evidently  to  {land  oppofed  toitfelf; 
or  (hall  we,  to  avoid  this  conclufion,  fay  that  heat  has  a  third 
mode  of  exigence,  in  which  it  may  be  called  sensible- 
latent  caloric!  Abliird  as  Inch  a  pbfttion  might  be, 
it  would  not  be  ipore  fo  than  the  doctrine  of  latent  heat, 
taking  that  term  in  its  common  acceptation. 

I  meant  to  have  troubled  the  Society  with  a  few  further 
remarks  on  this  interefting  fubjedt,  but,  having  already  en¬ 
croached  further  upon  its  time  than  I  at  firft  intended,  mult 
defer  them  for  the  prefent. 

To  conclude  :  The  dodtrine  of  latent  and  fenfible  heat  ap¬ 
pears  to  me  to  have  arden  from  a  \yant  of  due  attention  to 
the  fadts  eftablifhed  by  the  veteran  Black  refpedting  the  dif-r 
ferent  capacities  of  bodies,  for  heat.  This  eminent  chemift 
was  the  firft  who  propofed  any  thing  rational  on  this  fubjedt, 
and,  when  the  beautiful  fiipplicjty  of  the  firft  principles 
which  he  eftablifhed  is  duly  attended  to,  it  appears  wonderful 
to  me  that  the  ftniple  and  permanent  ftrudture  that  might 
have  been  reared  upon  them  fhould  have  Reaped  his  faga- 
cious  obfervation.  Having  eftabljfhed  this  incontrovertible 
fadf,  that  different  lubftances  have  different  capacities  for 
heat,  this  truth  of  itfelf  neceflarily  embraced  another,  which, 
though  it  could  not  poflibly  clcape  obfervation,  has  never 
been  applied  as  it  ought;  namely,  that  in  every  chemical 
/  ,  ^  effect  we  are  altering  the  capacities  of  bodies 
for  heat,  and  cqnfequently  deranging  the  equilibrium  ;  for 
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the  product  differs  in  its  capacity  from  the  ingredients;  and 
the  fame  holds  in  decompofitions.  Had  this  been  proprerly 
attended  to,  it  would  have  been  found  perfectly  fufficient, 
when  taken  along  with  that  property  by  which  heat  tends  to 
equilibrium,  to  explain  the  paffage  of  heat  from  fubftances  to 
other  fub (lances,  without  ever  once  fuppoftng  the  heat  changed 
in  its  properties.  Heat  feems  to  a£fc  uniformly,  and  its  effects 
depend  always  on  its  quantity  (not  kind)  compared  with  the 
capacity  of  the  body  into  which  it  enters :  but  it  is  continu¬ 
ally  bandied  about,  as  it  were,  by  the  conftant  changes  that 
are  palling  upon  bodies,  by  which  their  capacities  for  receiv¬ 
ing  or  holding  it  are  altered  ;  fo  that  it  is  in  a  conftant  date 
of  influx  and  efflux  in  bodies,  and  there  is  going  on  a  con¬ 
ftant  adjuftment,  as  it  were,  of  the  differences  exifting  among 
them,  each  requiring  its  own  (hare  of  the  common  (lock,  and 
giving  off,  receiving,  or  merely  tranfmitting  heat,  according 
to  circumflances.  Bodies  are  continually  undergoing  change 
by  the  a&ion  of  heat.  This  is  admitted  on  all  hands.  Is  it 
neceffary  then  to  look  for  a  change  in  the  agent  as  well  as 
the  patient?  In  many  refpe&s  its  action,  as  we  have  before 
obferved,  may  be  illuftrated  by  that  of  water.  Different  fub- 
flances  require  different  quantities  of  water  to  diffolve  them; 
and  different  fubftances  require  different  quantities  of  heat  to 
diffolve  them.  The  property  which  different  fubftances  have 
to  take  in  different  quantities  of  water,  may  be  called  their 
capacity  for  water:  but  who  ever  talks  of  a  certain  quantity 
of  water,  when  diffufed  among  any  number  of  fubftances  in 
proportion  to  their  capacities,  being  latent  water  P  or,  when 
an  interpofed  hygrometer  is  affe&ed  by  its  paffage  from  one 
(ub  fiance  to  another*  of  its  being  then  JenJible  or  free  P 
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v .  Thfeclxbns  on  the  Theory  of  the  Infnite/imal  Calculus .  Idy 
L  .  Carnot,  Ex~  Director  of  the  french  Hcpuljic,  M infer 
of  JVary  and  Member  of  the  i  ational  In  dilute ,  Paris  1797. 
Tranjlated  from  the  'French,  and  Ulufttated  with  Notes * 
by  W illiam  Dickson,  LL .  D. 

Jo  the  Editor  of  the  Philofophical  Magazine. 
dear  sir, 

Jl  HE  mathematical'  readers  of  your  excellent  publication 
need  not  be  told  of  the  importance  of  the  infinitefimal  calcu¬ 
lus,  or  of  the  affi dance  it  lends  to  every  part  of  natural  phi- 
lofophy,  which  falls  not  within  the  province  of  ehemiftry. 
That  calculus  is  practically  the  fame  with  what,  we  call  the. 
method  of  fluxions,  except  in  name  and  notation.  But  the 
theories  of  the  two  methods  are  different  ;  or,  rather,  thofe 
theories  are  only  different  ways  of  ill  u  ft  rating  one  and  the 
feme  method  under  different  names  and  fymbols.  The  flux, 
ion  ary  tneory,  as  delivered  by  its  inventor,  the  incomparable 
vJewton,  is  confeffedly  the  mod  accurate;  but  the  infinitefi- 
mal,  otherwife  called  the  differential  theory,  is  generally 
thought,  I  know  not  for  what  reafon,  to  be  the  mod  eafdy 
uac. er^ccd  .  Au  it  is- often  advantageous  to  confiaer  a  fub. 
_FCt  m  different  points  of  view,  it  was  perhaps  fortunate  that 
M  LeTmtz  claimed  tins  difeovery,  as  he  was,  of  courfe, 

P  l3fcee  tQ  g*ve  it  a  new  explanation;  and  thus  we  have  the 
JVT'S  ni()d  acute  men  who  ever  exided,  on  one 

of  the  molt  extraordinary  and  fublime  (peculations  which  ever 
exerctfed  the  human  mtcllecft. 


*  a 


‘  We  rruilA  Aid  the  excellent  apofUe,  with  infinitely  more  depth  and 
propriety  t a an  appears  at  fkft  light;  “  we  txrf  that  we  have  a  pood  con- 

penCC'  ,  1  underhand  fbmethintr  of  Newton's  fiuxionary 

theory,  but  I  never  could  undcrfcmd  the  differential,  a,  delivered  bv 
Le.bn  tz  m  'the  ASa  Erudnorum  of  .Leipdc,  for  O&ober  l684,  of 

in  N  O  T*  aDd  in^igi!S  Mr*  Baphfon  has  inferred  a  tranllatio« 
‘lbf  ‘UO,y  °r  rlux!0ns-  1  believe  molt  impartial  perfous,  who  try  i © 
!p'  P-pkxcda„(J  perplexing  piece,  will  be  far  f, om  accufiig  Fw- 
toiiaji  of  (event,  when  he  fays,  tha,  it  contains  ••  far-fetched,  fymboi.fin*. 

uNN  Ftf  and  th3t  ,he  n0KiIM!  «•  “  »  opt  and  more  labo- 
*10u*  that  of  tne  reai  inventor. 

f  4  * 
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On  the  Theory  of  the  Injimicfnn&l  Calculus. 

In  the  effay,  of  which  the  following  is  a  tranflation,  the 
two  theories  are  blended,  and  fo  clearly  explained,  that  thofe  ' 
who  think  the  pure  fluxionary  theory,  even  as  facilitated  by 
Mr.  T.  Simpfon,  in  his  excellent  “  Sele&  Mathematical 
Exercifes,  hill  fo  me  what  difficult,  may  derive  in  ft  ruction 
fioni  tne  author  s  new  and  perfpicuous  way  of  treating  the? 
fubject.  1  ids  theory,  like  other  mathematical  theories,  being 
or  an  abhradl  nature,  may  perhaps,  after  all,  be  more  eaffiy 
conceived  than  expreffed.  And,  as  happens  in  the  practice 
of  arithmetic,  there  may  be  perfons  who  are  expert  in  the 
application  or  fluxions,  but  who  have  never  been  able  fully 
to  fatisfy  thenrfelves  as  to  the  demonftrable  validity  of  the*  ‘ 
theory.  It  fliould  however  be  remembered,  that  all  rational 
pra&ice  entirely  depends  on  found  theory;  and,  to  ufe  the 
words  of  the  great  Maclaurin  *,  in  proportion  as  the  ^ge¬ 
neral  methods  are  valuable,  it  is  important  that  they  be  efta~ 
bliflied  above  all  exception;  and  fince  they  fave  us  fo  much 

time  and  labour,  we  may  allow  the  more  for  illuftrating  the 
methods  themfelves/5  ° 

Thofe  w  no,  witn  a  competent  knowledge  of  geometry,  al¬ 
gebra,  and  the  conic  fedlions,  attentively  perufe  the  following 
effiay,  will  perhaps  wonder  why  a  fubjedf  capable  of  fuck 
clear  illuftration  has  been  reprefented  as  fo  difficult.  The 
peiformance,  though  obvioufly  not  without  faults,  is,  upon  the 
whole,  well  worthy  of  the  attention  of  fuch  mathematicians 
as  I  have  alluded  to.  The  tranflation  is  as  literal  as  the 
idioms  of  the  two  languages  would  bear;  and  I  have  annexed 
notes  where  I  thought  they  would  be  ufeful.  Though  I  de¬ 
cidedly  prefer  the  fluxionary  notation,  as  well  as  theory,  to 
the  differential;  yet  in  the  text  I  have  retained,  among 'the 
other  fymbols  of  the  original,  all  the  d%  and  the  dd%  and 
Jhe  ddd  s  and  the  dddd’s,  to  which  the  foreign  mathematic 
cians  are  fo  partial,  as  being  mod  congenial  with  the  inge¬ 
nious  author’s  manner  of  conlidering  his  fubje&. 

I  am, 

Dear  Sir, 

Sincerely  and  refpeclfully  yours, 

W.  D. 

*  Ta  the  Introdu&ion  to  his  Treatife  of  Fluxions. 


Adver~ 
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Advertifement  by  the  Author*  i 

Some  years  ago,  the  author  of  the  following  reflections  re->~ 
fluced  them  to  the  form  in  which  h^  now  prefents  them  to 
the  public*  He  is  at  prefent  charged  with  bufinefs  fo  very 
important  as  to  forbid  his  refuming  his  former  ftudies ;  but, 
as  every  circumftance  announces  that  the  mathematical  fai¬ 
ences  are  about  to  foar  to  a  new  elevation,  it  is  believed  that 
fome  advantage  may  refult  from  the  publication  of  a  memoir 
in  which  the  theory  of  the  differential  calculus  is  difeufled  at 
large,  and  with  precifion,  and  in  which  are  united  the  different 
points  of  view  in  which  that  theory  has  been  confidered* 

/  i 

Subject  of  the  following  Differ  tat  ion. 

i.  No  difeovery  ever  produced  fo  happy  and  fo  fudden  a 
revolution  in  the  mathematical  fciences  as  the  infinitefimai 
analyfis;  nor  hath  any  improvement  furniflied  us  with  fuch 
Ample  and  efficacious  methods  of  arriving  at  a  knowledge  of 
the  laws  of  nature.  By  decompofing,  fo  to  fpeak,  magnitudes 
into  their  conftituent  elements,  that  analyfis  feems,  as  it 
were,  to  have  detected  their  internal  ftru£ture  and  organifa- 
tion.  But  as  ail  extremes  elude  the  cognifance  of  the  fenfes 
and  the  powers  of  the  imagination,  we  have  been  able  to 
form  but  an  imperfedf  idea  of  thofe  elements,  a  Angular  kind 
of  beings,  which  niuft  fometimes  be  treated  4s  real  quanti¬ 
ties,  fometimes  as  abiolute  nullities,  and  which  feem*  by 
their  equivocal  properties,  to  hold  a  middle  place  between 
magnitude  and  zero,  between  exiftence  and  nothing  ** 

Happily  this  difficulty  hath  not  interrupted  the  progrefs  of 
the  difeovery.  There  are  certain  primitive  ideas  which  arc 
always  fomewhat  clouded  in  the  imagination*  but  whole  Arft 

•*  I  here  fpeak  in  conformity  with  the  vague  ideas  which  we  commonJy 

entertain  of  infinitefimai  quantities,  when  we  have  not  been  at  the  pains 

to  examine  their  nature.  Butin  truth*  nothing  can  be  more  Ample  tharr 

the  notion  of  infinitefimah.  indeed,  to  flay  that  a  quantity  is  infinitely 
•  * 

final!,  is  precifely  to  affirm,  chat  it  is  the  difference  of  tv.' a  magnitudes 
which  have  for  their  limit  the  fame  third  magnitude,  and  nothing  more  is 
meant.  The  idea,  then,  of  an  infinitefimai  quantity  is  not  more  difficult 
to-  conceive  than  that  of  a  limit;  but  it  has  befides,  as  is  univerfaHy  al¬ 
lowed,  the  advantage  of  leading  to  a  much  more  fimple  theory.. 

conferences*  . 
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cmifequenees,  when  once  fairly  deduced,  open  a  vaft  field, 
which  may  be  eafily  traverfed.  Such  appears  to  be  the  idea 
of  infinity,  of  which  many  geometricians,  who  perhaps  were 
never  able  to  fathom  it,  have  made  the  molt  happy  ufe  *. 
Philofophers,  however,  unable  to  content  themfelves  with  fo 
vague  an  idea,  have  been  wifhful  to  afcend  to  principles;  but 
in  doing  this,  they  foon  found  themfelves  divided  in  opinion, 
or  rather  in  their  manner  of  viewing  the  objects  of  their  re- 
fearch.  My  defign  in  this  performance  is  to  reconcile  thofe 
different  points  of  view,  to  fhow  my  readers  their  relations, 
and  to  propofe  new  ones;  and  I  (hall  think  myfelf  well  re¬ 
warded  for  my  trouble,  if  I  Ihould  fucceed  in  throwing  fome 
degree  of  light  on  a  fubjeCt  fo  interefting. 

The  Origin  which  the  Infinitejimal  Calculus  might  have  had . 

2.  The  difficulty  frequently  experienced  in  accurately  ex- 
preffing  bv  equations  the  different  conditions  of  ft  problem,  and 
in  refolving  thofe  equations,  might  have  given  birth  to  the  fir  ft 
ideas  of  the  infinitefimal  calculus.  When,  indeed,  it  is  too  dif¬ 
ficult  to  give  an  exadt  folution  of  a  queftion,  it  is  natural  for 
the  analyft  to  feek  the  means  of  approximating  to  it  as  nearly 
as  poffible,  by  neglecting  the  quantities  which  embarrafs  the 
combinations,  if  it  be  forefeen  that  fuch  quantities,  on  ac¬ 
count  of  their  fmall  value,  may  be  negle&ed,  without  pro* 
ducing  any  fenfible  error  in  the  refult  of  the  calculation  * 
Thus,  for  example,  as  the  difeovery  of  the  properties  of  curve 
lines  is  very  difficult,  they  have  been  confidered  as  polygons 

*  Certainly  no  geometrician,  or  metaphysician  either,  was  ever  able  to 
fathom  quantities  infinitely  great  or  infinitely  fmall  j  I  had  almo'ft  laid, 
even  in  the  reftricted  fenfe  of  the  mathematicians,  who  define  them  to  be 
quantities  greater  (or  iefs)  than  any  affignable. quantities.  Yet  the  meta- 
phyficians  can  prove  that  fuch  quantities  muft  neceflarily  be  received 
among  the  other  e  nit  a  rations ;  and  the  mathematicians  cfe'monftrate  many 
of  their  relative  powers  and  properties ;  juft  as  the  chemifis,  mutdtis  ?mi* 
tanctis,  exhibit  to  the  fenfes  many  of  the  properties  of  natuial  bodies, 
though  they  do  not  pretend  to  have  any  idea  whatever  of  their  intimate 
e  lienees.  On  the  difficulty,  or  rather  impoffibility,  of  conceiving,  and  the 
necellity  of  admitting.  Eternity  and  Inanity,  ice  Dr.  Samuel  Clarke’s  ex- 
cellent  Demonftration  of  the  Being  and  Attributes  of  God,  page  2,  et  js^q, 
10th  edition.  W.  D. 
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of  a  verv  or  cat  number  of  Tides.  If,  indeed,  we  conceive  a 
regular  polygon  to  be  inferibed  in  a  circle,  it  is  evident  that 
thofe  figures,  tliough  they  be  always  different,  and  can  never 
become  identical,  yet  refemble  each  other  more  and  more  as 
the  fides  of  the  polygon  increafe  in  number.  The'  circum¬ 
ferences  of  thofe  figures,  their  furfaces,  the  folids  formed  by 
their  revolutions  about  a  given  axis,  the  analogous  lines 
drawn  without  and  within  them,  the  angles  formed  by  thofe 
lines,  &c.  are,  if  not  refpefitively  equal,  at  leaf;  the  nearer  to 
equality  the  more  the  number  of  fides  augments.  Hence, 
bv  fuppofing  the  number  of  fides  to  be  very  great,  we  may, 
without  any  fenfible  error,  attribute  to  the  circumfcribing 
circle,  the  properties  which  we  have  difeovered  to  belong  to 
the  inferibed  polygon. 

Farther,  the  fides  of  this  polygon  evidently  diminifh  in 
magnitude  in  proportion  as  their  number  is  augmented  ;  and 
confequently,  if  we  fuppofe  the  polygon  to  be  really  compofed 
of  a  very  great  number  of  fides,  we  may  alfo  affirm  that  each 
of  thofe  fides  is  really  very  ftnalf. 

This  being  underfiood,  if,  in  the  courfe  of  calculation,  a 
cafe  happen  to  occur  in  which  many  operations  would  be 
much  fimplified  by  neglecting,  for  example,  one  of  thofe 
fides,  which  is  final!  in  comparifon  with  a  given  line;  that  is, 
by  employing  in  the  calculation  that  given  line  infiead  of  a 
quantity  equal  to  the  fum  of  that  given  line  and  the  little  fide 
in  queftion,  it  is  clear  that  this  may  be  done  without  incon¬ 
venience;  for  the  refulting  error  muff  be  extremely  final!, 
and  it  will  not  be  worth  while  to  inquire  into  its  value. 

3.  For  example,  if  it  were  propofed  to  draw  a  tangent  to 
a  given  point  M,  of  the  circumference  of  the  circle  MED 
(fig-  !)• 

Let  C  be  the  centre  of  the  circle,  and  DCB  the  axis.  Sup- 
pofe  the  abfeifs  DP  =  x,  the  corresponding  ordinate  MP  ==y, 
and  let  TP  reprefent  the  fub tangent  required. 

In  order  to  find  that  fubtangent,  let  us  eonfider  the  circle 
as  a  polygon  of  a  very  great  number  of  fides.  Let  AIN  be 
one  of  thofe  fides,  and  be  produced  till  it  meet  the  axis.  It 
will  then  evidently  be  the  tangent  in  queftion,  becaufe 
it  falls  not  within  the  polygon.  Moreover,  let  fall  the  per¬ 
pendicular 
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pendicuJar  MO  upon  NQ,  which  is  parallel  to  MP,  and 
put  a  for  the  radius  of  the  circle.  We  (hall  then  evidently 
lhave 

'  ~  ,  .  MO  TP 

MO  :  NO  : :  TP  :  MP  5  that  is,  ——  =  ~y- 

On  the  other  hand,  the  equation  of  the  curve  for  the  poipt 
M  being  yy  —  lax  —  xx *,  the  equation  tor  the  point  N 
will  be 

(y  +  NO)1  =  2a  (x  +  MO)  —  (x  +  MO)1; 
and  fubtradting  the  former  equation  from  the  latter,  and  r e-r 
ducing,  we  have 

MO  _  2}  4-  NO 

NO  ~  " 


2a  —  2x  —  MO 


•  but  we  before  found 


2y  -f-  NO 


m  =  therefore  T-P-  = - 

2 \f0  y  9  y  2a  —  ax  —  MU 

i  TD  (2y  4~  NO) 

and  multiplying  by  y,  we  have  TP  =  —  MO * 

If,  then,  MO  and  were  known,  we  thould  have  the 
value  of  TP,  the  fubtangent  required.  Now  the  quantities 
MO  and  JVO  are  very  final  1,  being  eachot  them  lefs  than  the 
fide  MN,  which,  by  the  fuppofition,  is  itfelf  very  fmall.  We 
may  therefore,  without  any  fentible  error,  reject  thofe  quan¬ 
tities,  in  comparifon  with  the  quantities  2 y  and  ix  2a, 
wherewith  they  are  conne&ed.  I  he  equation  will  then  be 

reduced  to  TP  =  -X-r*  =  X-  the  value  of  the  fubtan- 


2a  —  2X 


gent  fought. 

o  o 

The  Infinitejlmal  Calculus  may,  in  this  View,  he  confident 
as  a  Jimple  Method  of  Approximation. 

4.  If  this  refult  be  not  abfolutely  exadt,  it  is  at  lead;  evident 
that,  in  praaice,  it  may  pafs  for  fuch,  becaufe  the  quantities 
MO  and  NO  are  extremely  fmall.  But  a  perfon  who  has  no 
idea  of  the  doarine  of  infinites,  will  perhaps  be  furprifed  to 

be  told  that  the  equation  TP  =  -N  d<jes  not  barely  make 

a  near  approach  to  the  truth,  but  that  it  is  really  and  perfedtly 
accurate.  Of  this,  however,  he  may  eafily  fatisfy  Kimfelf  by 


*  por,  in  the  circle,  —  x  :y  :  ■  y  •  X. 


G  g  * 


invef* 
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invefli gating  the  value  of  TP,  on  the  principle  of  the  tangent 
being  perpendicular  to  the  extremity  of  the  radius ;  for  it  is 
evident  that  the  fimilar  triangles, 

CPM,  MPT,  give  CP  :  MP  :  :  MP  :  TP  ; 

and  therefore  TP  =  ,  as  before. 

CP  a—x 

5.  As  a  fecond  example,  fuppofe  we  arc  to  find  the  furface 
of  a  given  circle.  Let  us  hill  c-onfider  that  curve  as  a  regular 
polygon  of  a  great  number  of  tides.  The  area  of  any  regular 
polygon  is  equal  to  the  product  of  its  circumference  into  half 
the  perpendicular  let  fall  from  the  centre  on  one  of  its  tides. 
The  circle,  therefore,  being  contidered  as  a  regular  polygon 
of  a  great  number  of  tides,  its  furface  ought  to  be  equal  to 
the  produdt  of  its  circumference  (that  is,  the  fum  of  very 
numerous  fides)  into  half  the  radius  5  a  proportion  as  exa£t 
as  the  other. 

6.  However  vague  and  indeterminate  the  expreffions  very 
great  and  very  fmall,  or  others  of  the  fame  nature,  may  ap¬ 
pear,  we  fee,  by  the  two  preceding  examples,  that  they  are 
not  unufefully  employed  in  mathematical  combinations,  and 
that  the  quantities  fignified  by  thefe  exjneffions  may  afford 
much  help  in  facilitating  the  folution  of  divers  questions 
which  may  be  propofed.  For,  the  notion  of  fuch  quantities 
being  once  rightly  underflood  and  admitted,  all  other  curves, 
as  well  as  the  circle,  may  be  considered  as  polygons  of  a  great 
number  of  fides ;  all  furfaces  may  be  divided  into  a  great 
number  of  fillets  or  zones  \  all  bodies  may  be  refolved  into 
corpufcles  ;  and,  in  a  word,  all  quantities  may  be  deconi pofed 
into  particles  of  the  fame  fpecies  with  themfelves.  Hence 
arife  new  relations  and  combinations;  and  we  may  eafily 
judge,  from  the  examples  already  adduced,  of  the  refources 
in  calculation,  which  the  introduction  of  fuch  elementary 
quantities  inuft  afford, 

7.  But  the  advantages  of  admitting  thefe  quantities  is  flill 
more  confiderable  than  could,  at  firlt  fight,  have  been  ex¬ 
pected.  For  we  have  feen,  in  the  examples  propofed,  that 
what  was  co.nfidered,  at  the  outlet,  as  a  fimple  method  of 
approximation,  eondudts  ns,  at  leafi;  in  certain  cafes,  to  re- 
fults  perfectly  accurate.  It  becomes  interefting,  therefore, 

to. 
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to  be  able  to  diftinguilh  the  cafes  in  which  this  accuracy 
takes  place,  and  thus  to  convert  this  method  of  approxima¬ 
tion  into  a  calculus  perfe&ly  exaCt  and  rigorous ;  and  fuch  is 
the  objeCl  of  the  infinitefimal  analyfis. 

8.  Let  us  firft  fee,  then,  how  it  came  to  pafs  that,  in  the  equa¬ 
tion  TP  =  found  in  article  3d,  though  we 

negle&ed  MO  and  NO,  the  juftnefs  of  the  refult  was  not  af¬ 
fected  ;  or  rather,  how  the  refult  became  exaCt  from  the  fup- 
preffion  of  thofe  quantities,  and  why  it  was  not  exaCt  before 
that  fuppreffion. 

Now,  the  reafon  of  what  happened  in  the  folution  of  the 
above  problem  will  eafily  appear,  on  remarking  that  the  hy- 
pothefis  on  which  that  folution  is  grounded,  is  falfe;  it  being 
ablolutely  impoffible  that  a  circle  can  be  a  true  polygon,  what¬ 
ever  be  the  number  of  its  Tides  ;  fo  that  there  mull  refult  from 
that  hypothecs  an  error  of  fome  kind  in  the  equation  TP  — 

y(2y  +  NO)  But  the  refuk  Tp  =  _f_  being  neverthe- 

lefs  exaCt,  as  was  proved  by  the  comparifon  of  the  two  tri¬ 
angles  CPM ,  MPT,  we  found  that  MO  and  NO  might  be 
negleCted  in  the  firlt  equation.  Indeed  thefe  quantities  ought 
to  be  negleCted,  in  order  to  correCt  the  calculus,  and  to  de¬ 
ll  roy  the  error  which  had  arifen  from  the  falfe  hypothecs  firft 
aflumed.  The  rejection  of  quantities  of  this  nature  is  not 
barely  allowable,  but  is  abfolu^ly  neceflary  in  fuch  cafes, 
as  being  the  only  manner  of  expreffing  accurately  the  condi¬ 
tions  of  the  problem, 

The  Accuracy  of  fuch  Rfulfs  is  owing  to  a  Compenfation 

of  Errors. 

2 

V 

q.  The  accurate  refult  TP  —  --- — has  been  obtained  then, 

a  —  x 

only  in  confequenee  of  a  compenfation  of  errors  ;  and  this 
compenfation  may  be  rendered  (till  more  evident,  by  treating 
the  example  above  given  in  a  manner  fomewhat  different, 
namely,  by  eonfidering  the  circle  as  (what  it  really  is)  a  true 
curve,  and  not  a  polygon. 

Jror  this  purpofe,  from  the  point  R  (fig.  1.)  taken  arbitra- 

§  riiy 
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rily  at  any  diftance  from  the  point  M,  draw  the  line  R S  pa¬ 
rallel  to  MB,  and,  through  the  points  R  and  M,  draw  the 
fecant  RT1 ;  then  we  fhall  evidently  have  T1  P  :  MP  :  :  MZ 

71  f  y 

:  RZ,  and  therefore  T'P,  or  TP  +  TfT  —  MP  Now, 

if  we  imagine  RS,  moving  parallel  to  itfelf,  to  approach  con¬ 
tinually  to  MP,  it  is  evident  that  the  point  T'  will,  at  the 
fame  time,  more  and  more  approach  to  the  point  T ;  and  con- 
feqaehtly,  that  we  may  render  the  line  T  T  as  fmall  as  we 
pleafe,  without  affecting  the  proportion  above  eftablifhed,  If, 
then,  we  negledl  the  quantity  T'T  in  the  equation  juft  found, 
there  will  indeed  be  an  error  in  the  refulting  equation  TP  = 

MP  to  which  the  former  will  now  be  reduced  :  but 

RZ 5 

this  error  may  be  diminifhed  as  much  as  we  pleafe,  by  making 

RS  approach  to  MP  as  nearly  as  is  neceffary;  that  is,  the 

proportion  of  the  two  members  of  this  laft  equation  will  differ 

as  little  as  we  pleafe,  from  the  proportion  of  equality, 

.  MZ  2>  +  RZ  /c 

In  like  manner  we  have  -  — - r  •  {?zt 

Article  3.)  And  this  equation  is  perfe&ly  accurate,  what¬ 
ever  be  the  pofition  of  the  point  R ;  that  is,  whatever  be  the 
values  of  MZ  and  RZ .  But,  the  nearer  RS  approaches  to 
MP,  the  (mailer  will  be  the  lines  MZ  and  RZ;  and  hence, 
jf  they  be  negle&ed  in  the  fecond  member  of  that  equation, 

MZ  y 

the  error  which  will  refult  in  the  equation  -  -  —  — , 

./  '  '  <  -  >i 

will,  as  in  the  former  cafe,  be  thereby  rendered  as  fmall  as 
we  think  proper. 

This  being  fo,  without  paying  any  regard  to  errors,  which 

I  have  it  always  in  my  power  to  diminifh  as  much  as  I  pleafe, 

,  •  ~j%/j  r,  MZ  ,  MZ 

I  treat  the.  two  equations  IP  —  Ml  — and  == 

♦ 

,  as  if  both  of  them  were  perfedlly  accurate :  fubfti- 


4 


MZ 


tutinjr,  therefore,  in  the  former  the  value  of  exprefled 

in  the  latter,  I  have  TP  =  MP  — — ;  that  is,  TP  =— — , 

a  —  x  a  —  x 

as  before. 

This 
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This  refult  is  perfectly  juft,  becaufe.  it  is  conformable  to 
that  which  was  obtained  by  the  companion  of  the  triangles 

CPM  and  MPT ;  and  yet  the  equations  TP  =  MP 


y 


MZ 


and 


MZ 


 y 


HZ  -  RZ  ~~ - are  certain]y  both  them  fa\fs * 

For  the  diftance  of  RS  from  MP,  was  not  fuppofed  nothing, 
or  even  very  fmall,  but  equal  to  a  line  arbitrarily  alfumed. 
It  follows,  therefore,  of  neceffity,  that  a  mutual  compenfation 
of  errors  took  place  in  the  comparifon  of  the  two  erroneous 
equations*. 

Why  this  Compenfation  takes  place. 

10.  Having  (hown  that  there  exift  compenfating  errors, 
whence  they  originated  and  how  they  are  proved,  I  {hall  next 
proceed  to  explain  them,  and  to  fearch  for  a  mark  by  which 
it  may  be  known  that  a  compenfation  takes  place  in  calcula¬ 
tions  fimilar  to  the  preceding,  and  the  means  of  producing 
iiich  compenfation  in  particular  cafes* 

Sk. 

This  i(  compenfation  of  errors’’  the  acute  Dr.  Berkeley,  Bifhop  of 
Cloyne,  in  The  Analyfl,  publifhed  in  1734,  laboured  to  magnify  into  a 
lerious  objection  againfl  the  differential  calculus  ;  not  confidering  that 
errors  which  we  rhay  make  as  little  as  we  pleafe,  will  affebt  the  truth  as 
little  as  we  pleafe.  Thus  1*999999,  &c.  is  not,  in  rigid  ftriclnefs,  equal 
to  2,  ;  but  as,  by  annexing  9's,  the  error  may  foon  be  rendered  incompre- 
kenjihly  minute,  no  one  can  doubt  that  its  ultimate  ratio  to  2,  is  a  ratio  of 
equality.  Hence  the  word  fa  if ,  applied  by  our  ingenious  author,  in  this 
paragraph  and  elfcwhere,  to  differential  equations,  is  abundantly  too  ftrong; 
and,  had  he  read  The  Analyft,  he  would  certainly  have  ufed  a  lefs  excep¬ 
tionable  term,  filch  as  incorrect,  or  inaccurate,  or  imperfeft,  a  word  which 
in  the  fequel  he  takes  in  a  fimilar  fenfe.  But  falfe  (faux ,  faujfe)  fignifiys 
not  minutenefs  of  error,  but  a  total  negation  of  truth.  It  is  not  always 
eafy,  indeed,  to  find  words  exactly  fuited  to  exprefs  very  abftrabf  ideas. 
The  great  Simpfon  (SeleR  Exerefes,  p.  239.)  admits  that,  had  Newton 
ilfecl  the  word  limiting  inftead  of  ultimate  ratios,  Dr.  Berkeley  might  not 
have  conjured  up  his  “  Ghofis  of  departed  Quantities.’’  Yet  Mr.  Simp¬ 
fon,  and  ail  other  competent  judges,  allow  that  Newton,  by  reprefem.ing 
fluxions  not  as  in  the  :atio  of  the  whole  increments,  but  in  the  fir  It  tatio 
of  thofe  increments  confidcred  as  nafeent,  or  in  tneh  ultimate  ratio  c;cn- 
fidered  as  evanefeent,  has  effectually  anticipated  every  reafonaole  obje<.-» 
tion  ;  and  this,  no  doubt,  the  learned  and  ingenious  bifhop  would  have 
con  felled,  had  he  given  hinifelf  time  to  digeft  this  doctrine,  which  is  partly 
Unfolded  in  the  prelerm  irabt.  W.  D, 

Fur 
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For  this  purpofe. 
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it  will  be  fufficient  to  remark,  that  th£ 


MZ 


errors,  included  in  the  two  equations  TP  —y  -jyfy  an(l 


MZ 


—  JP— ,  may  be  rendered  as  fmall  as  wepleafe;  and  the 
a  —  x 

fame  thing  would  take  place  if  there  were  any  error  in  the 


reful ting  equation  TP  —  — - - ,  and  if  that  error  depended 

on  the  arbitrary  di dance  of  the  lines  MP  and  RS.  But  no 
inch  error  can  exift  in  this  Iaft  equation ;  becaufe  the  point 
M ,  through  which  the  tangent  mud  pafs,  is  given,  and  not 
one  of  the  quantities,  TP,  a,  x,  or y,  is  arbitrary. 

Hence  it  follows,  that  the  compenfation  of  errors,  which 


takes  place 


in  the  equations  TP  =  y 


MZ 

Hz’ 


and 


MZ 


RZ 


is  indicated  in  the  reful t  by  the  abfence  of  the  quan- 

£t  —  X 

titles  MZ  and  RZ,  which  cauled  thofe  errors.  Confequent- 
fy,  after  having  introduced  thefe  laid  quantities  into  the  cal¬ 
culation,  to  facilitate  the  expreffion  of  the  conditions  of  the 
problem,  and  having  treated  them,  in  the  equations  expreffing 
thofe  conditions,  as  nothing  in  comparifon  of  the  propofed 
quantities,  we  have  only  to  eliminate  thofe  quantities  out  of 
the  equations,  in  order  to  free  them  from  error,  and  to  ob¬ 
tain  an  accurate  refult. 

1 1 .  The  inventor  of  this  method  might  therefore  have  been 
conducted  to  his  difeovery  by  a  very  timple  train  of  reafort- 
ing.  44  If,  inftead  of  a  propofed  quantity,”  might  he  have 
fa i cl ,  I  fubftilute  in  my  calculation  a  quantity  which  is  not 

equal  to  it,  fome  erfor  will  certainly  refult.  But  if  the  dif¬ 
ference  of  the  quantities  in  queftion  be  arbitrary,  and  I  have  it 
in  my  power  to  render  that  'difference  as  fmall  as  I  pleafe,  the  • 
error  cannot  be  dangerous.  I  may  even  commit  feveral  fimilar 
errors  at  once,  without  incurring  any  inconvenience  ;  becaufe 
I  have  always  in  my  own  power  the  degree  of  precifion,  which 
I  ehoofe  to  give  to  mv  rein  Its.  Befides,  it  may  happen  that 
thofe  errors  will  mutually  compeitfate  each  other,  and,  if  fo, 
my  reful ts  will  become  peffe&ly  accurate.”  But  how  is  fu-ch 
a  compenfation  to  be  efte6ted  in  all  cafes  ?  A  little  reflection 
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Will  luggeft  an  anfwer  to  this  quefiion.  <c  In  fa£t,”  might 
the  inventor  continue,  66  let  me  fuppofe  for  a  moment  that 
the  defired  compenfation  has  taken  place,  and  let  me  inquire 
by  what  mark  it  ought  to  be  indicated,  in  the  conclufion  of 
the  calculation.  Now  it  muft  naturally  happen,  that  when 
the  quantities  which  occafion  the  errors  difappear,  the  errors 
themfelves  will  difappear  at  the  fame  time.  For  thofe  quan¬ 
tities  (fuch  as  MZ  and  RZ)  having,  by  the  fuppofition,  ar¬ 
bitrary  values,  ought  no  longer  to  exift  in  formulae,  or  re- 
fults,  which  are  not  arbitrary,  and  which  depend,  not  on  the 
will  of  the  calculator,  but  on  the  nature  of  the  things  whole 
relation,  exprelfied  by  thofe  refults,  he  propofed  to  inveftigate. 
The  mark,  then,  which  announces  that  the  defired  compen¬ 
fation  has  taken  place,  is  the  ab fence  of  the  arbitrary  quan¬ 
tities  which  produced  the  errors  ;  and  therefore  I  have  nothing 
more  to  do,  in  order  to  effedt  that  compenfation,  than  to  eli¬ 
minate  thofe  arbitrary  quantities.” 

12.  With  a  view, to  fix  thofe  ideas  the  more  firmly  in  the 
mind,  and  to  give  to  the  principles  thence  derived  the  ne- 
ceflary  degree  of  precifion  and  generality,  I  (hall  remark,  that 
the  quantities  which  w?e  have  occafion  to  confider  in  the  fub- 
jeffi  before  us,  may  be  diftinguifhed  into  two  daffies.  The 
firfi:  elafs  confifis  of  quantities  which  are  either  given,  or  de¬ 
termined  by  the  conditions  of  the  problem,  fuch  as  MC, 
MP ,  FT,  MT.  The  fecond  clafs  is  compofed  of  quantities, 
fuch  as  RS ,  RT ',  ST7,  which  depend  on  the  arbitrary  pofition 
of  the  point  R ,  and  which,  as  the  point  R  approaches  to  the 
point  M,  do  refpe&ively  approach  their  correfponding  quan¬ 
tities  in  the  firfi:  clafs.  Thus  MP,  for  example,  is  the  limit 
of  RS,  that  is,  the  fixed  term  to  which  it  continually  ap  ¬ 
proaches,  or,  if  you  will,  its  laft  or  ultimate  value.  In 
like  manner,  MT  is  the  limit  or  ultimate  value  of  RT',  and 
JPT  that  of  ST'.  For  the  fame  reafon,  it  is  clear  that  the 
limits  or  ultimate  values  of  MZ,  RZ,  MR,  T'T,  are,  every  one 
of  them,  o.  In  fine,  it  is  alfo  evident  that  the  ultimate  ratio 

of  RS  to  MP,  (that  is,  the  ultimate  value  of  is  the  ratio 

MP 

of  equality,  and  fuch  is  the  ratio  of  RT'  to  MT,  of  ST'  to  PT , 
or,  in  a  word,  fuch  is  that  of  any  other  quantity  to  its  limit. 
Vol.  VIII.  H  h  13.  To 


13.  To  enable  us  to  extend  thefe  remarks  to  other  pro¬ 
blems  of  the  fame  kind,  let  us  now  put  the  cafe.  That  any 
fyftem  whatever  of  quantities  is  propofed,  in  order  that  the 
relations  which  exifl  between  them  may  be  inveftigated  *. 

14.  And  fir  ft,  I  {ball  comprehend  under  the  name  of 
njjigrted  quantities  (quantiles  defignees)  not  only  all  the 
quantities  propofed  in  the  very  enunciation  of*h  problem,  but 
alfo  all  thole  which  depend  on  thofe  quantities,  that  is, 
which  are  functions  of  tnofe  quantities,  a-'nd  of  none  elfe. 

I K.  On  the  other  hand,  I  {hall  (rive'  the  names  of  un- 
affigned,  or  auxiliary  quantities,  to  all  thofe  which  make  no 
part  of  the  fyftem  of  affigned  quantities,  and  which  confe- 
quently  do  not  eftentially  enter  into  the  calculation,  but  are 
introduced  folely  to  facilitate'  the  companion  of  propofed 
quantities. 

Thus,  in  the  preceding  example,  MP,  MC ,  MT,  DPy 
See.  are  affigned  quantities  ;  becaufe  they  depend  only  on 
the  pofition  of  the  point  M,  to  which  the  tangent  is  to  be 
drawn.  But  RS,  and  all  its  dependent  lines,  MZ ,  RZ, 
T  T#  T7P,  &c.  are  auxiliary  quantities  }  becaufe  we  ftiould 
not  have  thought  of  drawing  them,  except  their  afliftance 
had  been  wanted  in  the  folution  of  the  queftion,  the  object 
of  which  is  to  difeover  the  proportion,  or  relation,  of  MP 
to  MT. 

I  here  fuppofe  that,  in  any  problem  propofed,  the  relations  which  exift 
between  fuch  or  Inch  propofed  quantities  has  been  previoufly  dtfeovered. 
If,  for  example,  the  problem  be,  to  find  a  curve  which  has  a  certain  de¬ 
terminate  property,  I  fuppole  that  the  relation  between  an  ordinate  of  that 
curve  and  the  correfponding  abfciUe  is  already  known.  In  like  manner, 
if  it  were  required  to  drawn  tangent  to  any  indeterminate  point  of  that 
curve,  I  begin  by  arbitrarily  fixing  on  the  point  to  which  I  wilh  to  draw 
the  tangent,  and  I  limit  the  problem  to  the  inveftigation  of  the  relation  which 
Inbiilts,  for  inftance,  between  the  fubtangent  and  the  abfcilfe,  or  between 
the  ordinate  and  the  correfponding  fubuormal  at  that  point.  But  if  it 
Ihould  be  alked  how  I  apply  the  definition  of  infinity  to  fuch  queftions  as 
thefe:  Is  matter  divifible  ad  infinitum  ?  Is  the  Jpace  in  which  all  created, 
beings  exfi  infinite?  I  lay,  if  fuch  queftions  fhould  be  put  to  me,  I  fhould 
anfwer,  that  my  definition  is  peftridted  to  mathematical  infinity,  and  that 
it  can  only  be  applied  to  problems  whofe  objedt  is  the  difeovery  of  the  re¬ 
lations  which  exift  between  different  mathematical  quantities,  and  that  the 
metaphyucal  queftions  juft  ftated  can  by  nofi  eans  be  referred  to  the  theory 
of  which  I  here  propofe  to  eftublilh  theprit  :iples, 

Heines 
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Hence  it  evidently  follows,  that  into  all  unaffigned  quan¬ 
tities  there  neceffariiv  enters  fomething  arbitrary  ;  lor,  if  this 
were  not  the  caie,  their  value  would  then  be  affigned,  by  the 
'very  conditions  of  the  problem,  and  confequently  they  would 
wholly  depend  on  prppofed  quantities;  which  is  contrary  to 
the  fuppofition. 

t 6.  Since  in  the  mathematics,  two  lines,  two  furfaces, 
two  folids,  in  ffiort  two  quantities  of  any  kind  whatever,  are 
fuppofed  continually  to  approach  each  other  by  infallible 
-degrees;  fo  that  their  proportion,  or  the  quotient  reprefent- 
ing  that  proportion,  differs  Jeff  and  luff,  and  as  little  as  we 
•pleafe,  from  unity,  we  fay,  that  the  laff:,  or  ultimate  ratio  of 
thofe  two  quantities  is  a  ratio  of  equality. 

17.  If  one  of  the  quantities  be  a  Aligned,  and  the  other 
auxiliary,  the  lirft  is  called  the  limit ,  or  ultimate  value  of  the 
•fecond.  Thus  a  limit  is  nothing  elfe  than  an  affigned  quan¬ 
tity,  to  which  an  auxiliary  quantity  is  fuppofed  continually 
to  approach,  in  fuch  a  manner  that  their  difference  may  be 
•rendered  as  fmall  as  we  pleafe,  and  that  their  ultimate  ratio 
may  be  a  ratio  of  equality. 

Thus  auxiliary  quantities  alone  can  be  properly  faid  to 
have  limits;  for  affigned  Quantities,  being  fuppoied  conffant 
and  unchangeable,  and  to  be  themfelves  the  terms,  or  ulti¬ 
mate  values  of  auxiliary  quantities,  cannot,  in  ftri chiefs,  be 
faid  to  have  any  limits  ;  unlefs  we  choofe  to  fay,  that  every 
affigned  quantity  is  its  own  limit,  a  liberty  of  fpeech  which 
cannot  be  refufed  us;  fince  the  ultimate  value  of  any. de¬ 
terminate  quantity  whatever  can  be  nothing  elfe  than  that 
■quantity  itfelff 

iff.  Hence,  in  general,  we  give  the  names  of  ultimate 
values  and  ultimate  ratios  of  quantities,  to  the  values  and 
ratios  which  are,  in  fa6f,  the  laff,  or  ultimate,  ones  affigned 
to  thofe  quantities  and  their  relations,  by  the  law  of  conti¬ 
nuity,  when  each  of  them  is  fuppofed  to  approach,  by  con¬ 
tinued  and  infallible  degrees,  to  its  correfponding  affigned 
quantity. 

19.  We  generally  give  the  name  of  an  Infinitely  fmall 
quantity,  to.  the  difference  between  any  auxiliary  quantity 
whatever  and  its  limit.  Thus,  for  inffance,  RZ,  which  is 

Hh  ?  the 
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the  difference  between  RS  and  MP,  is  what  we  call  an  in¬ 
finitely  fmall  quantity. 

20.  On  the  other  hand,  we  call  every  quantity  Infinitely 
great ,  or  limply  Infinite ,  which  is  equal  to  unity  divided  by 
an  infinitely  fmall  quantity  :  confequently  the  quantity 

or  —  — —  is  infinite,  or  infinitely  great. 

But,  fince  MP  is  the  limit,  or  ultimate  value,  of  RS,  it 
is  evident  that  o  is  the  ultimate  value  of  RZ,  or  RS — MP , 

and  that  ~  is  the  ultimate  value  of  —  . 

°  RZ 

21.  Thus  we  may  affirm,  in  general,  that  An  infinitely 
fmall  quantity  is  a  quantity  ivhofie  limit  is  o  ;  and  on  the 
contrary,  that  An  infinitely  great,  or  fimply  an  infinite,  quan¬ 
tity  is  a  quantity  vahofie  limit  is  d. 

22.  Under  the  name  of  Infinitefimal  quantities,  we  com¬ 
prehend  quantities  which  are  infinite,  or  infinitely  great,  as 
well  as  thofe  which  are  infinitely  fmall.  All  other  quantities 
are  called  finite. 

23.  To  fay,  in  conformity  with  common  ufage,  that  In-* 
Unity  is  that  which  has  no  bounds,  or  is  that  which  i§ 
without  limit,  or  is  that  whole  limit  does  not  exift,  is  a 
mode  of  expreffion  which  conveys  a  fimple  idea  of  what  is 
meant,  and  which  is  by  no  means  deflitute  of  propriety  ;  be- 
caufe  in  fluff,  the  limit  of  one  kind  of  infinitefimal  quantities 
is  o,  and  that  of  the  other  ~  ;  and  o  and  ~  are  7iot  real  quan¬ 
tities  *. 

24.  But, 


*  This  kind  of  notation,  which  is  in  general  ufe,  is  very  apt  and  figni- 
ficant.  But  we  are  under  no  neceihty  of  making  o  always  reprefimt  abfo- 
lute  nothing .  We  are  at  liberty,  when  our  fubjeft  requires  it,  to  make 
o  (land  for  relative  nothing ,  or  that  which  may  be  confidered  as  nothing 
relatively  to  fome  other  quantity.  Thus  any  very  fmall  fraction 
*000000000001,  (prefixing  cyphers  at  pleafure)  though  not  abfolutely 
nothing,  may  be  fafely  confidered  as  nothing,  relatively  to,  or  compared 
with  1,  and,  a  fortiori,  with  any  other  whole  number,  and  accordingly 
may  be  reprefented  by  o.  And,  if  fo,  ^oco^ToT’  or  100000000000 
(annexing  cyphers,  at  pleafure)  though  by  no  means  abfolutely  infinite, 
may  be  accounted  infinite  relatively  to  1,  or  any  moderate  given  number, 
and  accordingly  may  be  reprefented  by  JL.  —Thus  the  diameter  of  the 

earth 
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24.  But,  from  o  and  A  being  the  limits  of  infinitefima! 
quantities,  it  by  no  means  follows  that  thefe quantities  them- 
felves  are  chimerical  entities.  On  the  contrary,  it  appears 
from  the  definition  (article  19)  that  an  infinitely  fmall  quan¬ 
tity  is  the  difference  between  two  very  efficient  quantities, 
namely,  between  any  auxiliary  quantity  whatfoever  and  its 
limit. 

25*  Hence  it  follows  farther,  that  every  infinitely  fmall 
quantity  may  be  confidered  as  the  difference  between  two 
auxiliary  quantities,  which  have  the  fame  third  affigned 
quantity  for  their  limit.  For,  let  X  and  Y  be  two  different 
auxiliary  quantities,  whofe  limit  is  the  fame  third  quantity 
A.  I  fay,  that  X-^-Y  is  an  infinitely  fmall  quantity.  For, 
fince  the  limit,  or  ultimate  value  of  X  is  A,  and  that  of  Y 
is  alfo  A,  it  follows  that  the  ultimate  value  of  X —  Y will  be 
A  —  A ,  or  o.  Therefore  the  limit  of  A  +  ( X  —  Y)  is  A ; 

earth  may  be  reckoned  very  fmall,  compared  with  the  diftance  of  the  fan, 
and  as  relative  o,  cqmpared  with  that  of  any  fixed  ftar;  and  converfeiy, 
the  diftance  of  the  fan  is  very  great,  and  that  of  a  fixed  ftar  JL,  or  infinite^ 
compared  with  the  earth’s  diameter. — Again  ;  fuppofing  a  rectangle  to  be 
continually  diminifhed  by  the  parallel  motion  of  one  of  its  fides,  the  law 
of  continuity  tells  us  that  it  will  come  to  o,  or  that  the  moving  fide  will 
arrive  at  the  fixed  fide  of  the  reftangle  ;  fo  that  o  here  is  not  abfolute 
nothing,  but  it  is  a  line,  which  however  may  be  looked  upon  as  o,  if  com¬ 
pared  with  the  redlangle  ;  and  the  redtangle  as  i.,  or  infinite,  if  compared 
with  the  line.  In  like.manner,  a  point  and  a  rettangle  are  as  o,  or  no¬ 
thing,  when  refpeffively  compared  with  a  line  and  a  parallelopiped  ;  and 
thefe  laft  as  JL,  or  infinite,  when  refpedtively  compared  with  the  two  firft. 
Thus  we  fee  that  the  fenfe  of  the  o  is  always  to  be  determined  by  the  fub- 
je6f  into  which  it  is  introduced.  See  Emerfon’s  P.  S.  to  the  2d  edition  of 
h-is  Algebra,  where  he  replies  to  the  Reviewers,  who  had  mifunderftood 
the  very  elegant  folutions  of  his  73d  and  74th  problems. 

The  ift,  3d,  6th,  and  7th  corollaries  to  the  former  of  thefe  problems 
will  be  ufeful  in  this  place. 

“  Cor.  1.  If  o  multiply  any  finite  quantity,  the  product  will  be 
nothing. 

“  Cor.  3.  If  a  finite  quantity  be  divided  by  o,  the  quotient  is  infinite. 

u  Cor.  6.  Adding  or  fubtrafting  any  finite  quantities  to  or  from  an  in¬ 
finite  quantity,  makes  no  alteration. 

“  Cor.  7.  Therefore,  in  any  equation  where  are  fome  quantities  in¬ 
finitely  lefs  than  others,  they  may  be  thrown  out  of  the  equation.”' 

W.  D. 
and 
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and  confequently  we  mav  confider X — Y  as  the.  difference 
•between  an  auxiliary  quantity  A  4-  (X — Y)  and  its  limit 
A,  and  this  difference  (by  article  19.)  is  an' infinitely  imall 
quantity.  It  may  therefore  be  affirmed,  in  general,  that  An 
infinitely  fmall  quantity  is  the  difference  between  two  auxiliary 
quantities  which  have  the  fame  limit . 

2 6.  Two  quantities  cannot  have  the  fame  third  quantity 
for  their  limit,  unlefs  the  ultimate  ratio  between  thofe  two 
quantities  themfelves  be  a  ratio  of  equality.  For,  fince,  by 

X  \ 

f be  fuppofftion,  the  limit,  or  ultimate  value  of  Y  is  1,  and 
T 

that  of  —  is  alfo  1,  it  is  evident  that  the  limit,  or  ulti- 


mate  value  of 


is  likewife  unity. 


Y- :  and  therefore  the  limit,  or  ultimate  value  of  -  — 

is  i  ;  that  is,  the  ultimate  ratio  of  X  to  Y  is  a  ratio  of 
equality.  It  may  therefore  be  affirmed,  in  general,  That 
An  infinitely  fmall  quantity  is  the  ratio  which  the  difference  of 
two  quantities ,  ultimately  in  the  ratio  of  equality ,  has  for 
each  of  thefe  two  quantities. 

27.  In  fine,  it  may  evidently  be  farther  affirmed,  That  An 
infinitely  fmall  quantity  is  an  unafjigned  quantity ,  to  which 
is  atfirfi  attributed  any  arbitrary  value  whatever y  and  which 
is  afterwards  J uppofed  to  decreafe  infenfibly  till  it  arrive  at  o, 
«r  zero.  Thus,  in  general,  when  it  is  faid,  Let  Z,  for  ex¬ 
ample ,  be  an  infinitely  fmall  quantity ,  it  is  precifely  tanta¬ 
mount  to  faying,  Let  Z  be  any  arbitrary  quantity  whatever 9 
(and  confequently  auxiliary,  for  affigned  quantities  cannot 
be  arbitrary)  and  let  us  afterwards  fuppofe  that  quantity  (Z) 
to  decreafe  continually  till  it  come  to  o,  or  zero  #. 

28.  A  quantity  is  faid  to  be  infinitely  fmall  relatively  to 
another  quantity,  when  the  ratio  of  the  firft  to  the  fecond  is 

: *  In  the  25th,  r6th  and  27th  articles,  the  author  gives  us  different 
Ldeas  of  an ’infinitely  fmall  quantity  ;  but  which,  if  duly  con fidered,  will 
be  found  to  amount  nearly  to  the  fame  thing.  W,  D. 
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hn  infinitely  final!  quantity  ;  and,  reciprocally,  the  fecond  is 
iaid  to  be  infinite  or  infinitely  great,  relatively  to  the  firft. 

29.  Two  quantities  are  faicl  to  differ  infinitely  little ,  or  to 
he  infinitely  little  different,  from  one  another,  when  the  ratio- 
of  the  one  to  the  other  differs  from  unity  only  bv  an  in¬ 
finitely  final!  quantity;  fo  that  their  ultimate  ratio  is  a  ratio 
of  equality,  and  fuch  evidently  are  RS  and  MP. 

30.  The  Injhntefimal  Calculus  may  be  defined  to  be  the 
art  of  difcovering,  by  the  help  of  quantities  called  Tnfinitefi- 
rfcals,  the  proportions  or  relations,  whatever  thev  may  be, 
which  fubfiff  between  the  different  parts  of  any  fyffem  of 
quantities  propofed. 

Thefe  infinitefimal  quantities  being  nothing  more  than, 
auxiliary  quantities,  introduced  into  the  calculation  only  to 
facilitate  the  expreflion  of  the  conditions  of  any  propofed 
problem,  it  is  evident  that  they  muff  necefiarily  be  eliminated 
out  of  the  calculation,  in  order  to  obtain  the  defined  refult, 
namely,  the  relations  fought.  Thus  we  may  in  fome  re~ 
fpects  affirm.  That  every  Infinitefimal  Calculation  is  an  un- 
finijhed  calculation ;  for  in  fahf,  as  foon  as  the  auxiliary 
quantities,  which  are  not  eflential,  come  to  be  eliminated, 
the  calculation  ceafes  to  be  infinitefimal,  and  in  every  thing 
refembles  an  ordinary  algebraic  refult*. 

To  complete  the  explanation  of  the  principal  terms  which 
relate  to  the  theory  of  Infinites  in  general,  it  remains  for  me 
to  date  what  I  underffand  by  an  imperfect  equation. 

31.  I  call  every  equation  jhi  imperfekl  equation ,  whofe 
two  fides  are  unequal  quantities,  the  difference  however  be¬ 
tween  them  being  infinitely  fmall  ;  or,  which  comes  to  the 
fame  thing,  Every  equation  is  imperfect,  the  two  Tides  of 
which,  though  unequal,  have  for  their  ultimate  ratio,  the 
ratio  of  equality* 

Thus,  for  example,  the  fialfc  equations,  TP  —  y 

JY 

and  -Iff —  =  — - —  (fee  article  9.)  are  what  I  call  imperfect 

*  Every  one  knows,  indeed,  that  a  calculation,  in  which  Infinitefimal 
quantities  have  any  place,  is  not  fuppofed  to  be  ftnifhcd,  and  that  we 
never-  think  the  refult  accurate  till  all  the  infinitefimal  quantities  are  en¬ 
tirely  eliminated. 
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equations;  becaufe  the  quantities,  neglected  in  the  accurate 
equations,  whence  they  are  derived,  are  infinitely  fmall  quan¬ 
tities.  On  the  theory,  therefore,  of  this  kind  of  equations 
is  founded  the  folution  of  the  queftion  before  handled,  and 
that  of  all  queflions  of  that  fort.  For  this  reafon  it  is,  that 
I  fhall  proceed  to  invefligate  the  principles  of  the  theory  of 
imperfeft  equations,  which  is  the  foundation  of  the  Infmite- 
firnal  Calculus>  or  rather,  which  is  itfelf  that  calculus. 

[To  be  continued.] 


V.  Account  of  C.  F.  Di  MBERGEit’s  Travels  through  the 
interior  P  arts  of  Africa ,  from  the  Cape  of  Good  Hope  to 
Morocco  * . 

This  adventurous  traveller,  a  native  of  Germany,  and 
brought  up  to  the  bufinefs  of  a  carpenter,  eulifted  at  Atnffer- 
dam,  in  the  year  1781,  as  a  foldier  in  the  fervice  of  the 
Dutch  Eaft  India  Company,  with  whom  he  entered  into  an 
engagement  for  feven  years.  On  the  21ft  of  June  he  failed 
from  the  Texel,  and  on  the  21ft  of  September  arrived  at  the^ 
Cape  of  Good  Hope,  where  he  was  conveyed  to  the  hofpital 
along  with  eighty-four  other  lick,  who  had  come  out  in  the 
fame  vefiel.  After  being  a  month  in  the  hofpital,  he  was 
relieved  from  military  duly,  by  being  taken  into  the  fervice 
of  Mr.  Brand,  the  poftmafter  at  the  Cape  and  president  of 
the  council,  who  fent  him  toFalfeBay,  where  he  remained 
a  whole  year,  employed  in  various  labours,  fuch  as  loading 
and  unloading  {hips,  cutting  down  wood  in  the  mountains, 
and  other  things  of  the  like  kind. 

Soon  after  he  was  promoted  by  his  mafter  to  be  bis  houfe- 
fteward,  and  in  this  fituation  difcharged  his  duty  for  fome 
time  to  the  complete  fatisfa&ion  of  his  employer,  who  after¬ 
wards  carried  him  back  with  hint  to  the  Cape  Town  ;  but 
having  quarrelled  with  his  miftrefs,  he  found  himfelf  expofed 
to  fo  much  ill-treatment,  that  he  refolved  to  defert,  and  to 
make  his  way  to  Europe  by  land.  In  order  that  he  might  be 
better  able  to  carry  this  plan  into  execution,  he  requefted  his 

From  C.  F.  Damberger’s  Landreife  in  das  innere  von  Afrikr,  in  den 
Jahren  1781  bis  1797.  Leipzig,  iSoi, 
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frnafter  to  fend  him  back  to  Falfe  Bay,  where  he  expected  he 
fliould  have  an  opportunity  of  effecting  his  efcape  with  the 
lefs  danger  of  detection .  This  requeft  was  granted,  and  he 
fet  out  for  the  Bay  on  the  jqth  of  November  1783,  after  hav¬ 
ing  put  his  box  into  t  e  Company’s  waggon,  received  twelve 
months  pay  due  to  him,  and  difpofed  of  various  articles 
which  he  confidered  as  entirely  ufelefs  for  his  intended  expe¬ 
dition. 

Among  the  Dutch  troops  at  the  Meifenberge  was  a  cor¬ 
poral  named  Martens,  a  native  of  Hanover,  who  having 
accompanied  Colonel  Gordon  on  a  journey  into  the  interior 
part  of  the  country  as  far  as  Caffraria,  had  conftru6led  a  map 
of  the  diftri6ts  through  which  he  had  paffed  and  prefented  it 
to  the  Company,  under  an  idea'that  he  fliould  be  rewarded 
for  his  trouble  ;  but  in  (lead  of  a  reward,  he  was  enjoined, 
under  the  pain  of  fevere  punifhment,  never  to  attempt  any 
thing  of  the  like  kind  in  future.  This  man  however  was  fo 
fond  of  thefe  purfuits,  that  he  ftill  amufed  himfelf  with 
making  charts,  and  our  traveller  after  fome  difficulty  pre¬ 
vailed  on  him  to  allow  him  to  copy  fome  of  them  in  order  to 
aflift  him  in  his  enterprife. 

On  the  24th  of  December,  everything  being  ready  for  his 
Journey,  he  obtained  leave  of  abfence  from  the  fergeant  on 
pommand  under  pretence  of  going  to  the  Cape  Town,  but 
proceeded  towards  Stielenbufch,  fo  called  from  a  governor  of 
the  name  of  Van  Stiel,  who  formerly  prefided  over  the  Dutch 
fettlements  at  the  Cape,  where  he  arrived  next  evening. 
Being  acquainted  with  the  bailiff  of  this  farm,  who  had  orten 
feen  him  at  Mr.  Brand’s  houfe,  he  accofled  him  with  con¬ 
fidence,  and  was  received  in  a  very  friendly  manner,  efpecially 
as  he  told  him  that  he  was  g©mg  to  his  mafler’s  plantation, 
to  fee  that  every  thing  was  properly  conduced. 

At  this  place  Damberger  purchafed  a  new  fowling-piece, 
and  on  the  26th  proceeded  to  the  farm  of  another  acquaint¬ 
ance,  named  Munch,  from  whom  he  obtained  two  pounds 
of  powder  and  thirty  balls.  O11  the  27th  he  came  in  fight  of 
his  mailer’s  farm,  but  did  not  approach  it  till  the  evening,  left 
he  fhould  be  obferved  by  the  bailiff.  As  foon  as  it  was  dark 
he  went  privately  into  the  apartment  inhabited  by  the  flaves, 
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whom  he  requeued  not  to  fay  any  thing  of  his  arrival,  and*, 
after  partaking  of  fonie  refrelhment,  retired  to  reft,  but  with 
a  mind  fo  agitated  that  he  enjoyed  very  little  deep.  Next 
morning  at  day-break  lie  continued  his  journey,  and  on  the 
19th  of  February  reached  Blettenberg’s  Bay,  where  he  pur- 
chafed  feveral  things  necefiary  for  his  intended  expedition, 
fuch  as  a  calabafh  to  hold  water,  a  few  more  pounds  of  pow¬ 
der,  a  flint  and  fteel,  matches,  &c.  During  the  few  days 
that  he  remained  here,  he  took  up  his  lodging  in  the  houfe 
of  a  perfon  named  Vogtmever,  who  was  not  then  at  home  ; 
but  he  was  kindly  entertained  by  his  wife,  and  he  embraced 
this  opportunity  of  obtaining  from  the  Hottentots  in  the  fa¬ 
mily  every  information  poffible  refpeeding  the  route  he  in¬ 
tended  to  p indue.  The  country  around  this  place  has  a 
beautiful  appearance,  and  is  exceedingly  fertile  ;  it  abounds 
with  timber  of  every  kind,  and  has  a  good  fupply  of  ex¬ 
cellent  water.  When  Vogtmeyer  returned,  which  was  on 
the  25th  of  February,  he  received  our  traveller  with  great 
friendfhip,  but  at  the  fame  time  told  him  that  he  knew  he 
was  a  deferter,  and  that  he  would  fend  him  back  to  the  Cape, 
where  he  was  fure  he  fhould  be  well  rewarded  by  his  mafter. 
He  however  entertained  no  fuch  defign ;  for,  after  being  in¬ 
formed  of  Da-mbergers  real  views,  he  furnifhed  him  with  a 
knapfack  made  of  a  calf’s  fkin,  a  hand-bill,  with  feveral 
other  (mail  articles,  and  wiflied  him  a  good  journey. 

Our  traveller,  who  had  now  got  to  the  diftance  of  74 
miles  from  the  Cape,  again  fet  out  on  the  20th  of  February, 
and,  purfuing  his  way  towards  Caffraria,  arrived  next  day  at 
the  firft  Hottentot  kraal  he  had  feen,  which  confifted  of 
about  twenty  huts.  In  this  kraal  he  remained  nine  days,  at 
the  end  of  which  time  he  had  an  opportunity  of  continuing 
his  journey  in  company  with  feme  Hottentots  of  another 
kraal,  who  had  come  hither  to  procure  (beep.  Having  pro¬ 
ceeded  two  miles  with  great  difficulty  through  the  long  grafs, 
which  rendered  their  progrefs  exceedingly  tedious  and  tire— 

•  feme,  they  halted  for  the  night  on  the  banks  of  the  Silver 
River;  but  were  unable  to  fleep  for  fear  of  the  wolves,  which, 
attracted  by  the  ffieep,  kept  prowling  around  them  ;  as  they 
were  afraid  of  kindling  fires  to  frighten  them  away,  left  they 
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•ilTonld  fet  fire  to  the  grafs,  which  was  exceedingly  long  arid 
aimoft  dry. 

J 

In  the  morning  they  reached  the  fa  mm  it  of  the  Milk 
Mountains,  where  they  found  good  pafture  ;  they  therefore 
fat  down  to  break  fa  ft,  and  turned  their  fheep  loofe  to  feed  ; 
but  fcarcely  had  they  put  a  morfel  to  their  mouth,  when  they 
efpied  ten  men  rapidly  advancing  towards  them.  Our  tra¬ 
veller  having  foon  learned  from  his  companions  that  t'hefe 
ftrangers  were  Bofhmen,  who  no  doubt  would  attempt  to 
plunder  them  of  their  fheep,  he  endeavoured  to  infpire  them 
with  courage,  and,  immediately  loading  his  piece,  fired  it  at 
the  enemy,  one  of  whom  fell ;  the  reft  then  difeharged  their 
aftagays,  and  betook  themfelves  to  flight. 

Next  morning  our  traveller  arrived  at  the  kraal  where  his 
companions  refided.  As  he  was  much  fatigued,  having  fpent 
feverai  nights  without  the  leaft  repofe,  he  threw  himfelf 
down  in  one  of  the  huts  and  enjoyed  a  found  deep.  When 
he  awoke  the  Hottentots  brought  him  fome  milk  and  roaft 
mutton ;  and  whilft  he  was  partaking  of  this  rep  a  ft  the  chief 
of  the  horde  entered  the  hut  in  his  drefs  of  ceremony,  and, 
bowing  feverai  times  before  him,  thanked  him  for  the  afti fi¬ 
ance  he  had  given  to  his  countrymen.  The  chief  then  told 

O  J 

him  that  thefe  Bofhmen,  a  few  days  before,  had  ftolen  from 
the  kraal  thirty  fheep.  Our  traveller,  in  confequence  of  this 
information,  inquired  what  might  be  the  ftrength  of  the 
horde,  and  where  they  refided.  Being  informed  that  they 
■confided  of  about  thirty  men,  and  that  they  refided  at  a  place 
in  the  mountains  a  few  miles  diftant,  where,  to  guard  againfl: 
the  danger  of  an  attack,  they  had  fortified  themfelves  behind 
a  kind  of  abbatis,  and  were  furnifhed  with  a  great  number  of 
ftones,  he  told  the  Hottentots  that  he  thought  it  not  impof- 
fible  to  drive  them  from  their  lurking-place,  and  offered  to 
lead  the  attack,  if  they  would  promife  to  fupport  him.  The 
chief  lifiened  to  this  propofal  with  great  pleafure,  as  it 
held  forth  hopes  of  recovering  the  ftoien  fheep  ;  but  he 
ftarted  fome  objections  as  to  the  practicability  of  carrying  it 
into  execution.  It  was  however  at  iaft  agreed  that  the  at¬ 
tempt  fhould  be  made,  and  Damberger,  after  giving  proper 
niftrudtions  to  the  Hottentots,  deli  .red  each  to  furnifh  himfelf 
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with  a  ftout  cudgel,  a  bundle  of  dry  grafs,  and  a  little  dry 
wood.  As  foon  as  it  grew  dark,  they  proceeded  in  great 
filence  towards  the  mountain,  where,  as  foon  as  they  arrived, 
our  traveller  divided  the  whole  troop  into  two  bodies,  one 
under  his  own  command,  and  the  other  under  that  of  the 
chief.  They  then  rufhed  towards  the  firft  fence,  which  being 
jnftantly  fet  on  fire,  the  flames  were  foon  fpread  by  the 
wind,  and  in  a  little  while  the  whole  mountain  feemed  to 
form  one  general  conflagration.  They  now  proceeded  to  a 
place  at  the  bottom  of  the  mountain,  by  which  it  was  lup- 
poled  the  enemy  would  be  obliged  to  make  their  efcape. 
Here  they  had  not  long  waited,  when  they  heard  a  dreadful 
howling,  and  faw  feveral  of  the  Bofhmen  half  fcorched  ruffl¬ 
ing  through  the  flames.  To  terrify  them  the  more,  and  at 
the  fame  time  to  give  a  more  general  fignal  to  the  Hotten- 
tots  to  attack  them,  our  traveller  difcharged  his  piece  among 
the  flying  enemy,  who  were  attacked  with  fuch  fury  by  his 
Hottentot  allies,  that  this  .whole  horde  of  plunderers  were  ex¬ 
tirpated,  Next  morning  they  not  only  recovered  fome  of  the 
ftolen  fheep,  but  found  feveral  more  which  had  belonged  to 
the  enemy.  When  the  conquerors  returned  to  the  kraal, 
they  were  received  with  great  joy.  :  s  our  traveller  found 
himfelf  much  fatigued  by  the  expedition,  he  retired  to  enjoy 
fome  reft  in  the  chief's  hut,  but  the  Hottentots  fpent  the 
whole  night  in  rejoicing  on  account  of  their  vidlory. 

Damberger  continued  two  weeks  among  thefe  people,  who 
treated  him  with  great  refpe£I ;  but  as  it  was  then  the  moft 
favourable  period  for  travelling,  he  refolved  to  proceed  and  to 
take  advantage  of  the  winter  feafon,  as  it  is  called,  which 
takes  place  in  April,  and  which  however  is  diftinguifhed 
-only  by  the  weather  being  rainy  and  the  air  cooler. 

In  confequence  of  this  refolution  he  left  the  kraal  on  the 
25th  of  March,  and  directed  his  courfe  eaft wards  towards 
Fiih  River,  but  with  fome  caution  to  avoid  falling  in  with 
any  of  the  Dutch  plantations,  of  which  there  were  feveral  in 
the  neighbouring  diftridls.  After  paffing  another  kraal  he 
took  up  his  lodging  for  the  night  in  a  third,  which  was  the 
laft  within  the  jurifdidlion  of  the  Dutch  Eaft  India  Company. 
Jt  was  fituated  on  the  Fifh  River,  at  a  place  where  it  divides 
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itfelf  into  two  arms,  one  of  which  flows  between  the  moun¬ 
tains  and  the  Dutch  colonies,  and  the  other  into  the  Silver 
River  already  mentioned.  v 

The  author  in  fpeaking  of  the  Hottentots  fays,  <c  Mr. 
Vaillant  has  given  a  very  ample  defeription  of  the  manners 
and  cuftoms  of  thefe  people,  but  he  is  not  always  correct. 

“  The  chief  of  a  horde  bears  the  title  of  Monlur.  This 
office  however  is  not  hereditary,  and  the  perfons  ehofen  to 
fill  it  arc  thofe  who  have  diftinguifhed  themfelves  by  fome 
heroic  adiion,  fuch  as  killing  fome  favage  animal,  or  obtain¬ 
ing  a  vidtory  over  the  enemy.  The  chief  of  each  kraal, 
whether  it  lies  within  the  jurifdidtion  of  the  Dutch  or  not, 
receives  from  the  Company  a  large  cane,  having  at  the  top 
a  filver  knob,  mfcribed  with  the  Company’s  arms,  and 
which  is  borne  by  the  chief  on  folemn  occafions.  ..  Each 
Hottentot  alfo  receives  annually  two  pounds  of  tobacco  and 
two  bottles  of  brandy;  but,  in  return,  muft  endeavour  to 
learn  in  fome  meafure  to  underhand  the  Dutch  language. 
Thofe  who  refide  among  the  planters  learn  it  with  great  eafe ; 
but  thole  who  live  at  a  diftance  muft  embrace  fome  other 
opportunity  of  learning  it :  and  when  the  Monturs  go  to  the 
Cape  Town,  they  muft  always  carry  with  them  fome  men 
belonging  to  their  horde,  to  whom  various  occupations,  fuch 
as  cutting  wood,  &c.  are  afligned  in  the  caftle,  that  they  may 
become  familiar  with  the  language  by  frequenting  the  com¬ 
pany  of  the  foldiers,  and  the  inhabitants.  When  the  Mon- 
tur  goes  to  the  Cape  the  next  year,  he  carries  with  him  fome 
more  of  his  countrymen,  and  thofe  who  came  the  preceding 
year  return.  Thefe  Hottentots  are  perhaps  the  lazieft  people 
in  the  world  ;  but  in  many  parts  of  their  country  they  are 
deftitute  of  water.  They  leave  the  moft  fertile  fields  unculti¬ 
vated,  and  only  plant  here  and  there  a  little  Turkifh  corn. 
Their  chief  occupations  are  the  rearing  of  cattle  and  hunting, 
but  they  purfue  the  latter  only  when  compelled  by  neceffity 
and  the  want  of  food.  They  pay  little  attention  to  fiftiing, 
though  they  have  very  good  opportunities,  efpecially  in  win¬ 
ter,  of  catching  fifti  without  great  exertion.  There  have  been 
inftances  of  their  enduring  hunger  for  feveral  days  rather  than 
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give  themfelves  the  lead  trouble  to  fearch  for  food.  The 
Company  have  frequently  offered  to  fupply  them  with  nets, 
corn,  and  other  articles,  and  to  aflign  lauds  to  them  nearer 
the  Cape,  if  they  would  only  become  A  little  more  active  and 
Indudrious — but  without  the  lead  effect;  as  they  believe  that 
in  this  cafe  they  fhould  be  expofed  to  more  bodily  labour. 
They  prefer  living  in  poverty  in  the  midd  of  the  deferts,  in 
a  date  little  fuperior  to  that  of  their  cattle  ;  and  are  fo  timid 
as  to  fuffer  themfelves  to  be  driven  fometimes  towards  the 
South  bv  the  Caffres,  and  fometimes  towards  the  Eaft  bv  the 
Bofhmen.  If  they  could  only  alfurae  a  little  courage,  they 
would  foon  make  their  enemies  fendble  of  their  power  5  but 
they  have  very  little  care  for  the  future. 

((  The  women  are  very  active  in  the  management  of  their 
domeftie  economy,  but  have  a  confiderable  degree  of  vanity, 
for  they  employ  a  great  deal  of  their  time  in  ornamenting 
their  perfons.  To  a  mother  a  child  is  a  great  treafure,  and 
the  hufhand  dare  never  prefume  to  take  it  into  his  hands  as 
long  as  it  is  at  the  bread;,  though  in  other  refpedts  he  treats 
his  wife  as  his  dave.  This  right  has  been  claimed  by  the 
mothers  in  confequence  of  the  cruelties  formerly  p  raft  i  fed 
by  the  fathers  ;  for,  when  the  Portuguefe  firft  vidted  this 
country,  many  of  the  men  fold  their  children  to  them  for 
brandy  or  tobacco;  this  incenfed  the  mothers,  and  therefore 
they  affumed  the  above  privilege.  A  child  is  fuckled  for 
four  months,  during  which  time  the  mother  in  the  day- 
carries  it  about  on  her  back  wrapped  up  in  a  {beep’s  fkin, 
but  in  the  night  places  it  in  her  bofom  ;  after  that  period  it 
is  differed  to  lie  on  a  mat  fpread  out  on  the  grafs,  and  has 
the  fame  food  as  the  red  ot  the  family. 

(e  I  was  much  pleafed  with  their  treatment  of  the  dead. 
They  never  bury  them  until  every  mean  poffible  has  been 
tried  to  recall  them  to  life.  Thofe  who  die  of  chronic  or  lin¬ 
gering  difeafes,  they  ffiake  and  beat  011  the  ribs  with  their 
fids  ;  if  they  exhibit  no  figns  of  life,  they  are  interred  the 
fame  evening,  but  not  until  fimilar  experiments  have  been 
tried  to  revive  them.  On  young  perfons  who  die  fuddenly 
other  methods  are  tried  :  the  foies  of  their  feet  are  pricked 
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tvith  affagays  *,  pieces  of  red  hot  iron  are  applied  to  their 
nofe^  and  their  bodies  are  well  rubbed  ;  but  if  no  fimns  of 
life  appear,  they  are  committed  to  the  earth  next  evening. 
The  corpfe  is  immediately  carried  out  from  the  hut,  and 
watched  bv  fome  of  the  relations,  who  do  the  fame  thins:  for 
twenty-eight  days  after  it  has  been  buried,  in  order  to  pre¬ 
vent  it  from  being  torn  up  by  wild  beads. 

Our  traveller  refumed  his  journey  on  the  25th,  directing 
his  courfe  towards  Fifh  River,  and  on  the  29th  entered  Caf- 
fraria,  where  at  firfl  he  had  to  afcend  deep  mountains,  but 
towards  evening  defcended  into  the  level  country.  After 
paffing  through  feveral  hordes  of  Caffres,  by  whom  he  was 
in  general  well  received,  he  arrived  at  a  kraal  conhfting  of 
127  huts,  and  containing  1400  inhabitants.  As  he  was  here 
treated  with  great  friendfhip,  he  remained  fome  weeks  ;  and 
having  heard  from  the  natives,  among  whom  he  faw  feveral 
European  articles,  that  a  (hip  had  been  dranded  on  the  coad, 
at  a  place  lying  at  the  didance  of  two  days  journey,  he  re- 
folved  to  go  thither,  and  prevailed  on  fome  of  the  Cadres  to 
accompany  him.  They  accordingly  fet  out  on  the  27th  of 
April,  and  next  evening  reached  the  remains  of  the  veflel, 
which  were  lying  in  a  bay  between  Fidi  River  and  the  river 
St.  Lucia.  Here  they  found  feveral  half-putrid  bodies,  mod 
of  them  pierced  with  wounds,  fcattered  about  on  the  {bore, 
and  intermixed  with  cafks,  cbeds,  bales  of  cotton,  and  other 
articles,  entirely  fpoilt  by  the  fea  water  and  the  fun.  What 
chiefly  attra&ed  the  notice  of  the  Caffres  was  the  iron  work 
belonging  to  the  fh ip,  of  which  they  colle&ed  as  much  as 
they  could.  After  burying  the  bodies  f?  and  picking  up 
various  articles,  among  which  was  a  pocket  compafs,  they 
fet  out  to  return.  The  compafs,'  which  was  not  injured,  fell 

*  The  points  of  their  affagays  are  not  poifoned  except  when  they  go  out 
to  attack  their  enemies. 

f  This  ffiip  had  been  loft  in  confequence  of  a  mutiny  which  broke  out 
among  the  crew,  who  firft  tnurdeted  their  officers,  and  then  ran  the  veffei 
on  fhore.  The  crew  then  landed,  and  wandered  about  in  the  country, 
where  they  either  fell  a  facriffce  to  the  climate  or  were  maffacred  by  the 
Caffres.  Of  the  whole  fliip’s  company  four  only  efcaped,  and  of  thefe  four 
two  died  of  their  wounds.  The  other  two  made  their  way  to  the  Cape. 
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to  the  lot  of  our  traveller,  who  conffdered  it  as  an  acquilitioft 
of  do  fmall  importance. 

On  the  20th  of  May,  Damberger  took  leave  of  thefe 
friendly  Caffres,  and,  after  encountering  confiderable  dangers 
and  difficulties  between  that  period  and  the  nth  of  July, 
di redded  his  courfe  eaff  wards,  with  a  view  of  proceeding  to 
Egypt.  Towards  evening  he  difeovered  fome  huts  at  a 
diftanee,  but  was  not  able  to  reach  them  ;  he  therefore  lay 
down  on  the  grafs  with  his  head  on  his  bundle  to  enjoy 
a  little  reft,  but  was  foon  roufed  by  four  Caffres,  who  con¬ 
ducted  him  to  their  huts.  Here  he  was  robbed  of  his  fowl¬ 
ing-piece  and  bundle,  but  they  were  both  afterwards  reftored. 
He  was  attacked  alfo  with  a  violent  pain  in  his  bowTel9;  but 
on  making  known  his  complaint  to  one  of  the  Caffres,  he 
gave  him  fome  dried  leaves  to  chew,  which  added  as  a  ftrong 
emetic,  and  foon  afforded  him  relief. 

Among  the  next  horde  whom  he  vifited  he  was  more  un¬ 
fortunate,  being  robbed  both  of  bis  bill  and  his  fowling- 
piece  ;  the  former  he  recovered,  but  the  latter  was  broken  to 
pieces  by  the  Caffres  in  order  that  they  might  convert  the 
iron  part  of  it  into  points  For  their  affagays. 

Soon  after  leaving  this  horde  he  was  obliged  to  pafs  the 
night  in  the  open  air  on  the  banks  of  a  rivulet,  where  he 
made  a  large  fire  to  frighten  away  the  wild  animals,  but  was 
unable  to  deep  a  moment  on  account  of  the  multitude  of 
fnakes  which  fwarmed  around  him  ;  and  towards  morning  he 
faw  hundreds  of  large  baboons.  The  latter  had  taken  up 
their  ftation  on  all  the  neighbouring  trees,  and  did  not  feem 
in  the  leaff:  fhy  or  afraid. 

Of  thefe  people  the  author  fays,  u  This  nation,  as  well  as 
feveral  more  of  the  African  tribes,  are  accufed  of  indolence, 
but  I  am  convinced  that  the  induftrious  Europeans,  if  tranf- 
ported  hither,  would  be  equally  inactive.  The  heat  oppreffes 
the  labourer  too  much,  and  exhaufts  the  powers  of  the  body  $ 
to  this  it  may  be  added,  that  moft  of  thefe  tribes  are  deftitute 
of  the  neceffary  implements,  fuch  as  fpades,  hoes,  &c.  and 
the  ground  is  fo  hard  that,  before  any  other  tool  can  be  ufed, 
it  muff:  be  cut  up  with  a  fort  of  pickaxe.  The  cultivation 
qf  the  few  fields,  which  are  fown  here  with  Turkifh  wheat, 
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con  fumes  a  great  deal  of  time  and  requires  much  labour.  I 
obferved  that  two  ftout  a&ive  men  could  till  in  a  day  no 
more  than  fix  feet  fquare.  The  land,  after  being  fown,  was 
covered,  to  the  height  of  two  inches,  with  fand,  in  order  that 
the  excefifive  heat  might  not  too  foon  dry  up  the  moifture, 
and  to  prevent  the  ground  from  cracking  by  the  drought  and 
the  rain.  They  derive  more  advantage,  without  much  la¬ 
bour,  from  rearing  of  cattle,  and  from  hunting  and  fifhtng. 
This  nation,  indeed,  have  a  Hrong  proponfity  to  healing,  but 
they  never  commit  murder ;  and  much  lefs  do  they  devour 
human  flelh.  Several  Europeans  *,  however,  who  have  vi- 
fited  thefe  people,  alTert  that  they  eat  human  fiefii  with  great 
avidity;  but  this  is  abfolutely  falfe.  If  a  traveller  underhand 
their  language  he  has  nothing  to  fear,  efpecially  if  badly 
clothed  and  in  polTdfion  of  no  artieles  of  value.  If  they  take 
any  thing  from  him,  he  may  reh  allured  that  they  will  give 
him  fomething  of  theirs  in  return  if  he  alks  for  it. 

iC  The  dead  are  interred  at  fome  diftance  from  the  kraal,  and 
the  relations  kindle  a  large  fire  near  the  fpot,  which  they 
maintain  three  davs,  to  prevent  the  favage  animals,  that 
might  be  attradled  by  the  fmell,  from  coming  to  tear  up  the 
body.  Few  perfons  die  in  the  kraals,  as  the  lick  are  removed 
to  huts  fituated  at  a  diftance ;  for  they  believe  that  every  dif- 
eafe  is  infectious,  and  that  it  is  their  duty  to  guard  again!!' 
the  contagion.” 

After  a  Hay  of  three  weeks  among  thefe  people,  whom  our 
traveller  calls  the  Jamatians,  he  continued  his  journey,  and, 
c rolling  the  Makumho  river,  entered  the  territories  of  the 
Muhotians.  Here  he  was  at  firft  treated  with  great  harlh- 
nefs  and  feverity,  but  he  {till  found  friends  among  the  female 
fex.  While  he  remained  with  this  tribe  he  was  conduced 
to  a  place  where  he  found  the  bodies  of  five  white  men  co¬ 
vered  with  wounds,  and  apparently  pierced  with  aflagays  : 
on  their  right  arms  he  obferved  the  figure  of  a  crucifix,  with 
the  letters  H,  I,  E,  M,  and  the  date  1779. 

On  the  fecond  of  Oblober  he  arrived  among  another  tribe 
called  the  Kamtarians,  who  inhabit  a  diftriet  fituated  on  the 
river  Tambo,  and  who  live  chiefly  by  hunting  and  the  rear- 

*  Koibe,  Sparmann,  Patterfon,  &c.  < 
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ing  of  cattle.  The  men  in  general  are  of  low  ftature,  and  have 
Ihort  woolly  hair.  Thefe  people  were  of  a  darker  complexion 
than  the  other  tribes  he  had  quitted.  They  confided  of  fix  or 
feven  thoufand,  of  both  fexes,  capable  of  bearing  arms.  The 
women  were  of  larger  fize  than  the  men,  and  exceedingly 
bold  and  courageous.  The  greater  part  of  them  had  been 
carried  away  by  force  from  other  nations,  or  had  been  taken 
prifoners  in  war  and  retained  bv  the  men.  Thefe  people 
never  rear  their  female  children,  but.  deftroy  them  as  foon  as 
they 'are  born.  There  are  no  priefts  among  them,  though 
there  is  reafon  to  think  that  they  are  not  deftituteof  religion. 
The  oldeft  inhabitant  in  each  village  adds  generally  in  the 
capacity  of  chief  and  judge.  Polygamy  is  allowed  among 
this  tribe;  and  every  woman  not  pregnant  by  her  hufband 
is  at  liberty  to  cohabit  with  any  other  man  whom  fhe  choofes, 
and  if  die  bring  forth  a  boy  to  him,  die  may  become  his 
wife. 

Thefe  people  are  exceedingly  fuperditious,  and,  when  the 
lead  misfortune  befalls  them,  {hut  themfelves  up  in  their 
huts,  where  they  remain  totally  inactive  for  three  or  four 
days.  When  any  one  of  their  nation  has  been  wounded  or 
killed  by  wild  beads  while  hunting,  they  fay  he  offended 
the  great  god  but  if  Inch  an  event  take  place  in  the  night¬ 
time,  and  particulaily  by  moon-light,  they  fay,  “  he  offended 
the  little  god,”  and  on  that  account  was  punidied.  If  a  woman 
die  in  childbed,  which,  however,  is  feldom  the  cafe,  die  is 
buried  in  a  particular  fpot,  and  her  family  mud  remain  fix 
moons,  at  fome  di dance  from  the  village,  in  huts  fet  apart 
for  that  purpofe,  without  having  any  intercourfe  with  fhe 
red  of  the  tribe.  If  a  woman  bring  forth  a  male  child 
during  cloudy  weather,  or  when  the  moon  does  not  fhine,  it 
is  concluded  that  his  father  has  offended  the  gods,  and  that 
the  boy  is  not  worthy  of  being  a  vefpedfable  member  of  fo- 
d*ety.  When  he  grows  up,  therefore,  he  is  employed  in  the 
mod  menial  offices,  fuch  as  cutting  wood,  guarding  the  cat¬ 
tle,  and  other  fei  vices  of  the  like  kind.  Neither  circumcifion, 
nor  any  fimilar  practice,  is  known  in  this  country. 

If  a  woman  be  delivered  of  a  boy  at  a  fortunate  period,  the 
father  kills  a  goat,  and  gives  an  entertainment  to  the  friends 
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of  his  family.  The  dead  are  generally  buried  by  their  rela¬ 
tions  under  larp'e  trees.  Durino;  the  time  of  the  funeral  a 
large  rire  is  kindled,  in  which  the  effects  of  t"he  deceafed  are 
burnt,  and  the  afhes  are  thrown  into  the  grave.  The  fire  is 
kept  burning  till  the  next  full  moon*  Whoever  fteals  a  mar¬ 
ried  or  unmarried  female,  may  keep  her  as  his  wife;  but,  if 
he  does  not  ehoofe  to  do  fo,  he  may  fell  her,  and  in  return 
generally  receives  a  fheep,  or  a  greater  or  lcfs  number  of  affa- 
gays,  according  to  her  beauty.  Thefe  people  are  kind  and 
hofpitable  to  ftrangers* 

Damberger  left  the  Kamtarians  on  the  7th  of  October, 
and  on  the  30th,  after  paffing  through  part  of  the  kingdom 
of  Biri,  arrived  in  the  territories  of  that  of  Mataman.  The 
fovereign  of  this  country  rules  with  unlimited  power,  and  is 
{tiled  Sobaawoia ,  that  is,  Chofen  by  the  gods.  The  crown  is 
hereditary  to  females  as  well  as  males.  When  one  of  the 
former  fucceeds,  hie  may  ehoofe  from  her  fubje&s  a  hufband 
to  participate  with  her  in  the  government.  The  perfon  fo 
chofen,  however,  muft  be  fir  ft  examined  by  the  oldeft  part  of 
the  community,  in  order  that  it  may  be  known  whether  he 
poftefles  the  talents  neceffary  for  the  intended  dignity.  The 
king  here  ails  in  the  capacity  of  high-pried,  prophet,  and 
tutor  to  the  youth.  His  decifions  are  refpe&ed  even  when 
he  judges  wrong.  He  poftefles  the  exclufive  privilege  of 
having  a  plurality  of  wives,  and  muft:  inftall  the  inferior 
judges,  priefts,  &c.  He  never  takes  the  field  againfi:  the 
enemy,  but  delegates  the  command  of  the  army  to  another. 
The  foldiers  are  brave,  and  exceedingly  expert  in  managing 
their  bows  and  arrows.  They  are  faid  to  amount  to  about 
30,000.  There  are  three  large  cities  in  the  kingdom,  the 
capital  of  which,  called  Seenhofa,  lies  at  the  diftance  of  two 
days  journey.  This  city,  the  refidence  of  the  king,  our  tra¬ 
veller  refolved  to  vifit;  and,  being  fumiflied  with  a  perfon  to 
{how  him  the  way,  foon  reached  the  place.  On  his  arrival 
he  repaired  to  the  Mohwoia  *,  who  gave  him  fome  corn  and 
four  milk,  and  conduced  him  into  his  hut,  where  he  was 

*  This  is  the  name  given  to  the  governors  appointed  in  each  town  by 
the  king,  and  who  at  the  fame  time  aft  as  priefts. 
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allowed  to  pafs  the  night.  Next  morning  the  Mohwoia  car¬ 
ried  him  through  a  long  flreet,  bordered  on  each  fide  with 
huts,  to  a  kind  of  green,  where  he  was  introduced  to  the 
king,  whom  he  found  Handing  amidft  a  circle  of  his  attend¬ 
ants,  and  who  appeared  to  be  about  forty  years  of  age.  The 
day  before  he  had  taken  four  florins  from  his  veft  *,  in  order 
that  he  might  make  an  offer  of  them  to  the  fovereign.  This 
he  accordingly  did,  and  requeued  his  majefly’s  protection 
and  a  fupply  of  food.  The  prince,  after  looking  feme  time 
at  the  money,  ordered  one  of  his  wives  to  fetch  fome  milk 
and  meal,  which  being  mixed  together  and  flirted  round,  our 
traveller  fat  down  on  the  ground  and  made  a  hearty  meal. 
He  then  accompanied  the  king  into  his  hut,  where  a  mat 
was  brought  for  him  to  fit  upon.  The  king  afked  him  for 
fome  more  money,  and  told  him  that  in  return  he  would 
make  him  a  kahfeet'o  (fervant).  Damberger  protected  that  he 
had  none;  but,  as  he  was  defirous  of  becoming  acquainted 
with  the  manners  and  euftoms  of  the  country,  he  informed 
the  king  that  he  gratefully  accepted  his  offer.  Obferving, 
however,  fome  days  after,  that  he  was  confidcred  in  the  light 
of  a  common  Have,  he  refolved  to  make  his  efcape  the  firft 
opportunity  he  could  find  for  that  purpofe. 

On  the  29th  of  November,  having  been  obliged  to  accom* 
pany  the  king  his  mafler  on  a  hunting  excurfion,  for  the  pur¬ 
pofe  of  carrying  a  calabafli  filled  with  water,  a  leather  bag 
containing  millet,  and  a  javelin,  in  palling  through  a  wood 
interfperfed  with  fmall  hills  he  pretended  to  be  fuddenly  taken 
ill  with  a  pain  in  his  bowels,  and  immediately  fat  down  on  one 
of  thefe  eminences.  The  king,  not  fufpediing  any  deception, 
gave  him  penniffion  to  remain  till  he  fhould  call  for  him,  and, 
taking  the  javelin  from  him,  proceeded  forwards;  butasfoon 
as  his  matter  was  out  of  fight,  our  traveller  fet  off  as  faff  as 
he  could,  purfuing  a  northern  direction  with  a  view  of  reach¬ 
ing  the  mountains.  In  crofling  a  river  he  Humbled  againH 
a  Hone  and  hurt  his  foot,  by  which  means  his  progrefs  was 
confiderably  retarded ;  and  falling  in  foon  after  with  fome  of 

*  Some  time  before  this  period  the  reft  of  his  clothes  had  become  fb 
ragged  and  filthy  that  be  was  obliged  to  burn  them. 


the 
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the  natives,  they  compelled  him  to  take  upon  his  back  a 
young  wolf  they  had  found,  and  to  return  with  them  to  a 
village  which  he  had  left  only  a  few  hours  before.  Here  be 
was  detained  eioht  davs,  during*  which  he  fuffered  confiderablv 
from  the  wound  in  his  foot ;  but  being  at  length  fuffered  to 
depart,  and  proceeding  towards  the  territories  of  the  See^e- 
rians,  he  arrived  at  a  village  called  Mukofa,  fituated  on  an 
eminence. 

[To  be  continued.] 


VI.  Experiments  on  the  Solar  and  on  the  T err ef rial  Rays  that 
occajion  Heat ;  with  a  comparative  View  of  the  Laws  fo 
which  Light  and  Heat ,  or  rather  the  Rays  which  occajion 
them ,  are  fubjedi,  in  order  to  determine  whether  they  are  the 
fame ,  or  different.  By  William  He  it  5  ch  el,  LL.D, 
' F.R.S .  .  * 

[Continued  from  Page  134.] 


0 

lyth  Experiment .  Ref ra diion  of  the  Heat  of  a  Chimney -Eire* 


A  PLACED  Mr.  Dollond’s  lens  before  the  clear  fire  of  a 
large  grate  *  Its  diftance  from  the  bars  of  the  grate  was 
three  feet;  and  in  the  fecondary  focus  of  it  was  placed  the 
thermometer  No.  1.  No.  4  was  ftationed,  by  way  of  ftand- 
ard,  at  2]  inches  from  the  former,  and  at  an  equal  diftance 
from  the  fire.  Before  the  thermometers  was  a  flip  of  maho¬ 
gany,  which  had  three  holes  in  it,  of  an  inch  in  diameter 
each.  Behind  the  centre  of  the  firft  hole,  |  of  an  inch  from 
the  back,  was  placed  the  thermometer  No.  1 ;  and  between 
the  fecond  and  third  hole,  guarded  from  the  direbf  rays  of  the 
fire  by  thepartition,  at  the  fame  diftance  from  the  back,  was 
put  No.  4.  Things  being  thus  arranged,  the  fituation  of  the 
apparatus  which  carried  the  thermometers,  and  that  where 
the  lens  was  fixed,  were  marked.  Then  the  thermometers, 
having  been  taken  away  to  be  cooled,  were  reftored  to  their 

O  #  4  *  •• 

places  again,  and  their  ppogrefs  marked  as  follows  : 


*  See" Plate  VII I.  fig.  3. 
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mine 

whether  thi 

s  was  owing  merely  to  a  tranfmiflion  of 

heat  through  the  glafs,  or  to  a  condenfation  of  the  rays,  by 
the  refraction  of  the  burning  lens,  I  took  away  the  lens,  aS 
foon  as  the  laft  obfervation  of  the  thermometers  was  written 
down,  and  continued  to  take  down  their  progrefs  as  follows: 

Here  the  direct  ravs  of  the 

j 

fire,  we  fee,  could  not  keep 
up  the  thermometer  No.  i  • 
which  loft  2\  degrees  of 
heat,  notwithftanding  the 
lens  intercepted  no  longer 
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6i|r'\  Here  again,  the  lens  aCted  as  a 


61J 
6il 
61J 
6i|y 


condenfer  of  heat,  and  gave  1 
degrees  of  it  to  the  thermometer 
No.  1.  I  nowT  once  more  took 
away  the  lens,  and  continued 


61  Jl  This  again  confirms  the  fame  by 
61I  j  a  lots  of  3  degrees  of  heat.  I 

leftored  the  lens  once  nrtire,  and  had  as  follows : 

No.  1.  No.  4.^  And  here  the  thermometer 
Burning  Lens.  Screened,  f  received  i~  degree  of  heat 

3 68  61 J  j  again  5  fo  that,  in  the  courfe 

33  69^  61^  J  of  35  minutes,  the  thermo¬ 

meter  No.  1  was  alternately  raifed  and  deprefled  five  times*, 
by  rays  which  came  from  the  chimney  fire,  and  were  fubjeCt 
|o  laws  of  refraction,  not  fenfihly  different  from  thofe  which 
affeCt  light. 

%tfb  Experiment.  Refraction  of  the  Heat  of  red-hot  Iron . 

I  caufed  a  lump  of  iron  to  be  forged  into  a  cylinder  of  z\ 
0  inches 
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anches  diameter,  and  z\  inches  long*.  This,  being  made 
red-hot,  was  ftuck  upon  an  iron  handle  fixed  on  a  ftand  fo 
as  to  prefent  one  of  its  circular  faces  to  a  lens  placed  at  2.8 
inches  diftanee;  its  focus  being  1.4  inch,  and  diameter  1.1* 
Before  the  lens,  at  fome  diftanee,  was  placed  a  fcreen  of  wood, 
with  a  hole  ot  an  inch  diameter  in  it,  by  way  of  limiting  the 
object,  that  its  image  in  the  focus  might  not  be  larger  than 
neceftary.  The  fcreen  ailo  ferved  to  keep  the  heat  from  the 
thermometers.  No,  2  was  fituated  in  the  fecondary  focus  of 
the  lens;  and  No,  3  was  placed  within  -  of  an  inch  of  it, 
and  at  the  fame  diftanee  from  the  lens  as  No.  2.  By  this 
arrangement,  both  thermometers  were  equally  within  the 
reach  ot  tranfmitted  heat ;  or,  if  there  was  any  difference,  it 
could  only  be  in  favour  of  No.  3,  as  being  behind  a  part  of 
the  lens  which,  on  account  of  its  thinnefs,  would  flop  lefs 
heat 'than  the  middle.  Now,  as  the  experiment  gives  a  refult 
which  differs  from  what  would  have  arifen  from  the  fituation 
of  the  thermometers,  on  a  fuppofiticm  of  tranfmitted  heat,  we 
can  only  afcribe  it  to  a  condenfation  of  it  by  the  refraction  of 
the  lens ;  and,  in  this  cafe,  the  thermometer  No.  3,  by  its 
fituation,  muff  have  been  partly  within  the  reach  of  the  heat- 
image  formed  in  the  focus.  During  the  experiment,  the  ther¬ 
mometers  were  alternately  fcreened  two  minutes  from  the 
effects  of  the  lens,  and  expofed  to  it  for  the  fame  length  of 
time,  and  the  refult  was  as  follows : 


No.  2.  No.  3.  "]  Here,  in  the  firfl 

In  the  Focus.  Near  the  Focus.  atld  feCOnd  mi— ,• 
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In  the  third  and 

Open 
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59 1- 

fourth,  it  loft  one 

more  than  No.  3.  In  the  fifth  and  fixth,  it  gained  one  more. 
In  the  feven.th  and  eighth,  it  loft  more;  and  in  the  ninth 
and  tenth,  it  gained  £  more  than  the  other  thermometer. 
This  plainly  indicates  its  being  abfed  upon  by  refrabled  heat. 
Deft  there  fhoulci  remain  a  doubt  upon  the  fubjebt,  I  now  re- 

*  See  Plate  VIII. 
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moved 
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moved  the  lens,  and,  putting  a  plain  glafs  in  the  room  of  it* 
I  repeated  the  experiment  with  all  the  reft  of  the  apparatus 
in  its  former  fituation. 
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56^  Here  we  find  that  both 
thermometers  receiv¬ 
ed  heat  and  parted 
with  it  always  in  equal 
quantities,  which  con¬ 
firms  the  experi- 
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ment  that  has  been  given.  And  thus  it  is  evident  that 
there  are  rays  iffuing  from  red-hot  iron,  which  are  fubjebl 
to  the  laws  of  refraction,  nearly  equal  to  thofe  which  affect 
light ;  and  that  thefe  rays  are  invefted  with  a  power  of  caufing 
heat  in  bodies. 

16th  Experiment .  Refraction  of  Fire-heat ,  by  an  Injlrument 

rejembling  a  Telefcope. 

It  occurred  to  me  that  I  might  ufe  a  concave  mirror  to 
jcondenfe  the  heat  of  the  fire  in  the  grate  of  my  chimney, 
and,  reflecting  it  tideways  by  a  plain  mirror,  I  might  after¬ 
wards  bring  it  to  a  fecondary  focus  by  a  double  convex  lens ; 
and  that,  by  this  conftruCtion,  I  fhoukl  have  an  in  ft  rumen  t 
much  like  a  Newtonian  telefcope  *.  The  thermometer  would 
figuratively  become  the  ohferver  of  heat,  by  being  applied  to 
the  place  where,  in  the  real  telefcope  of  the  fame  conftruc- 
tion,  the  eye  is  fituated  to  receive  light.  Having  put  toge¬ 
ther  the  different  parts,  in  fuch  a  way  as  [  fuppofed  would 
anfwer  the  end,  1  tried  the  effect  by  a  candle,  in  order  to 
ascertain  the  proper  diftance  of  the  object- mirror  from  the 
!>ars  of  the  chimney-grate.  The  front  of  the  apparatus  was 
guarded  by  an  iron  plate,  with  a  thick  lining  of  wood  ;  and 
the  two  thermometers  which  I  iifed,  were,  parted  .from  the 
mirrors  and  lens  by  a  partition,  which  fereened  them  from 
the  heat  that  was  to  be  admitted  through  a  proper  opening 
in  the  front  plate,  t.o  come  at  the  object-mirror.  In  the  par¬ 
tition  was  likewife  an  opening,  of  a  fufficient  diameter  to 
permit  the  rays  to  come  from  the  eye-glafs  to  their  focus,  on 
the  ball  of  the  thermometer  No.  1 3  while  No,  4  was  placed 


*  c 
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by  the  fide  of  it,  at  Jefs  than  half  an  inch  di fiance.  In  the 
experiment,  the  objeCt-mirror  was  alternately  covered  by  a 
piece  of  pafteboard,  and  opened  again.  The  thermometers 
were  read  off  every  minute ;  but,  to  ihorten  my  account,  I 
only  give  the  laff  minute  of  every  change. 
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No.  1.  No.  4.  H  Here, in  the 

Focus.  Near  the  Focus.  firft  eight 

minutes, 
the  ther- 

■ 

y  mometer 
expofed 
to  the  ef* 
feels  of 
the  fire- 


The  mirror  covered 
The  mirror  open 
Covered 
Open 
Covered 
Open 
Covered 

inftrument,  gained  2  degrees  of  heat  more  than  the  other. 
In  the  next  8  minutes,  the  mirror  being  covered,  it  gained 
1  degree  lefs  than  the  other.  The  mirror  being  now  opened 
again,  it  gained,  in  five  minutes,  degrees  more  than  the 
other.  When  covered  fix  minutes,  it  gained  14  degree  lefs 
than  No.  4.  In  the  next  ten  minutes,  when  open,  it  gained 
4  degree  more;  and,  in  the  laft  ten  minutes,  when  the  fire 
began  to  fail,  and  the  mirror  was  again  covered,  it  loft  one 
degree  more  than  the  other  thermometer.  All  which  can 


only  be  accounted  for  by  the  heat  which  came  to  the  ther¬ 
mometer  through  the  fire-inftrument ;  and,  as  this  experi¬ 
ment  confirms  what  has  been  faid  before  of  the  refraction 
of  culinary  heat,  fo  it  alfo  adds  to  what  has  already  been 
proved  of  its  reflection.  For,  in  this  fire-inftrument,  the 
rays  which  occafion  heat  could  undergo  no  lef3  than  twq 
reflections  and  two  refraCtions. 


I'jth  Experiment,  Refraction  of  the  invi/ible  Rays  of 

Solar  Heat, 


I  covered  one-ha]f  of  Mr,  Dollond’s  burning  lens  with 
pafteboard,  and  threw  the  prifmatic  fpeCtrum  upon  that 
cover  *;  then,  keeping  the  laft  vifible  red  colour  one- tenth 
of  an  inch  from  the  margin  of  the  pafteboard,  I  let  the  in- 
vifible  rays  beyond  the  fpeCtrum  fall  on  the  lens.  In  the 

*  See  Plate  I.'  fig.  z, 

LI 


Vol.  VIII. 


focus 


258  Experiments  on  the  Solar  and  on  the  ' 

focus  of  the  red  rays,  or  a  very  little  beyond  it,  I  had  placed 
the  ball  of  the  thermometer  No.  13  and,  as  near  to  it  a3  con¬ 
venient,  the  fmall  one  No,  2.  Now,  that  the  invifible  folar' 
rays  which  occafion  heat  were  accurately  refra&ed  to  a  focus, 
rnay  be  feen  by  the  following  account  of  the  thermometers^ 

No.  1.  No.  2.  Here,  in  one  minute,  thefe 
In  the  Focus.  Near  the  Focus.  I  rays  gave  43  degrees  of  heat 

57  57  (  to  the  thermometer  No.  i, 

102  57  J  which  received  them  in  the 

focus,  while  the  other,  No.  2,  fuflered  no  change. 

It  is  remarkable  that,  notwithftanding  I  kept  the  red  co¬ 
lour  of  the  fpebtrum  W  of  an  inch  upon  the  pafteboard,  a 
little  of  that  colour  might  ftill  be  feen  on  the  ball  of  the  ther¬ 
mometer.  This  occafioned  a  furmife  that,  poffibly,  the  in- 
vifible  rays  of  the  fun  might  become  vifible  if  they  were  pro¬ 
perly  condenfed  3  I  therefore  put  this  to  the  trial,  as  follows : 


d 

I 


18  th  Experiment,  ST  rial  to  render  the  invifible  Rays  of  the 

Sun  vifible  by  Condenfaiion . 

Leaving  the  arrangement  of  my  apparatus  as  in  the  laft: 
experiment,  I  withdrew  the  lens,  till  the  laft:  vifible  red  colour 
was  two-tenths  of  an  inch  from  the  margin  of  the  femicir- 
cular  pafteboard  cover  3  then,  taking  the  thermometers,  I  had 
as  follows : 

No.  2,  No.  3.4  Here  there  was  no  longer  the  lead: 
d  57  57  >  tinge  of  any  colour,  or  veftige  of 

X  78  57  J  light,  to  be  feen  on  the  ball  of 

the  thermometer  3  lo  that,  in  one  minute,  it  received  21  de¬ 
grees  of  heat,  from  rays  that  neither  were  vifible  before,  nor 
could  be  rendered  fo  by  condenfation. 

To  account  for  the  colour  which  may  be  feen  in  the  focus, 
when  the  laft  vifible  red  colour  is  lefs  than  two- tenths  of  an 
inch  from  the  margin  of  the  pafteboard  which  intercepts  the 
prifmatic  fpebtrum,  we  may  fuppofe  that  the  imperfebt  re¬ 
fraction  of  a  burning  lens,  which,  from  its  great  diameter, 
cannot  bring  rays  to  a  geometrical  focus,  will  bring  fome 
fcattered  ones  to  it,  which  ought  not  to  come  there.  We 
may  alfo  admit  that  the  termination  of  a  prifmatic  fpebtrunx 
/  cannot 
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cannot  be  accurately  afcertained  by  looking  at  it  in  a  room 
hot  fufficiently  dark  to  make  very  faint  tinges  of  colour  vi¬ 
able.  And  to  this  muft  be  added  that  the  incipient  red 
rays  muft  actually  be  fcattered  over  a  confiderable  fpace, 
near  the  confines  of  the  fpectrum,  on  account  of  the  breadth 
of  the  prifm,  the  whole  of  which  cannot  bring  its  rays  of 
any  one  colour  properly  together .•  nor  can  it  feparate  the  in- 
vifible  rays  entirely  from  the  vifible  ones.  For,  as  the  red 
rays  will  be  but  faintly  fcattered  in  the  beginning  of  the  vi¬ 
fible  fpebtrufh  ;  lb,  on  the  other  hand,  will  the  invifible  rays, 
feparated  by  the  parts  of  the  prifm  that  come  next  in  fuccef- 
fion,  be  mixed  with  the  former  red  ones.  Sir  Ifaac  Newton 
has  taken  notice  of  feme  imperfect  tinges  or  hazinefs  on  each 
fide  of  the  prifmatic  fpebtrum,  and  mentions  that  he  did  not 
take  them  into  his  meafures*. 

l<)tb  Experiment.  Refraction  of  invifible  Culinary  Heat * 

There  are  fome  difficulties  in  this  experiment;  but  they 
arife  not  fo  much  from  the  nature  of  this  kind  of  heat,  as 
from  our  method  of  obtaining  it  in  a  detached  ftate.  A  red- 
hot  lump  of  iron,  when  cooled  fo  far  as  to  be  no  longer 
vifible,  has  but  a  feeble  ftock  of  heat  remaining,  and  lofes 
it  very  faft.  A  contrivance  to  renew  and  keep  this  heat 
might  certainly  be  made,  and  I  fhould,  indeed,  have  at¬ 
tempted  to  carry  fome  method  or  other  of  this  kind  into  exe¬ 
cution,  had  not  the  following  trials  appeared  to  me  fuffi¬ 
ciently  conclufive  to  render  it  unneceffary.  Admitting,  as  has 
been  proved  in  the  15th  experiment,  that  the  alternate  rifing 
and  falling  of  a  thermometer  placed  in  the  focus  of  a  lens, 
when  the  ball  of  it  is  fucceffively  expofed  to,  or  fcrcened 
from,  its  effebts,  is  owing  to  the  refraction  of  the  lens,  and 
cannot  be  aferibed  to  a  mere  alternate  tranfmififiqn  and  ftop- 
page  of  heat,  I  proceeded  as  follows  f  : — My  lens,  1*4  focus, 
and  x’l  diameter,  being  placed  2*8  inches  from,  the  face  of 
the  heated  cylinder  of  iron,  the  thermometer  No.  2,  in  its 
focus,  was  alternately  guarded  by  a  Imall  pafteboard  fereen 
put  before  it,  and  expofed  to  the  effects  of  condenfed  heat  by 
removing  it. 

*  Newton’s  Optics,  p.  2?,  1.  1 1 .  f  See  Plate  VIII.  fig.  1. 
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No.  2.  *1  Now,  the  begin.- 

53  Very  red-hot.  ning  of  this  ex- 

634  Red-hot.  periment  being 

58  Still  red-hot.  exactly  like  that 


604  Still  red. 

574  A  little  red. 

594  Doubtful. 

574  Not  vifible  in  my  )> 
584  room  darkened. 
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of  the  13th,  with 
the  thermome¬ 
ter  No.  3  left* 
out,  the  argu¬ 
ments  that  have 
before  proved  the 
refraction  of  heat 
in  one  flgte,  will 
now  hold  o-ood 

O 

for  the  whole. 
For  here  we  have 
a  regular  alter¬ 


nate  riling  and  falling  of  the  thermometer,  from  a  bright  red 
heat  of  the  cylinder,  down  to  its  weakeh  date  of  black  heat ) 
where  the  eff'eCl  of  the  rays,  condenfed  by  the  lens,  exceeded 
but  half  a  degree  the  lofs  of  thofe  that  were  hopped  by  it. 


20 th  Experiment .  Confirmation  of  the  iqth. 


In  order  to  have  fame  additional  proof,  befides  the  uniform 
and  uninterrupted  operation  of  the  lens  in  the  foregoing  ex¬ 
periment,  I  repeated  the  fame  with  an  affiftant  thermometer, 
No.  3,  placed  firft  of  all  at  4  of  an  inch  from  No.  2,  and 
more  towards  the  lens,  but  fo  as  to  be  out  of  the  converging 
pencil  of  its  rays,  and  alfo  to  allow  room  for  the  little  fcreen 
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the  contrary,  came  to  its  maximum  by  alternate  great  ele¬ 
vations  and  final!  deprefiions;  and  afterwards  loft  its  heat  by 
great  depreffions  and  fmall  elevations.  After  the  firft  eight 
minutes,  I  changed  the  place  of  the  afiiftant  thermometer, 
by  putting  it  into  a  ftill  more  decifive  fituationj  for  it  was 
now  placed  by  the  fide  of  that  in  the  focus,  fo  as  to  partici¬ 
pate  of  the  alternate  fcreening,  and  alfo  to  receive  a  fmall 
fhare  of  one  fide  of  the  invifible  heat-image,  which,  though 
unfeen,  we  know  muft  be  formed  in  the  focus  of  the  lens. 
Here,  if  our  reafoning  be  right,  the  afiiftant  thermometer 
fhould  be  aftecfted  by  alternate  rifings  and  fallings  5  but  they 
ihould  not  he  fo  confiderable  as  thofe  of  the  lens. 
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effect  of  the  re- 

fraction  of  the  lens,  that  it  muft  now  be  evident  that  there 
are  rays  ifiuing  from  hot  iron,  which,  though  in  a  ftate  of 
total  invifibility,  have  a  power  of  occafioning  heat,  and  obev 
certain  laws  of  refraction,  very  nearly  the  fame  with,  thofe 
that  affetft  light. 

As  we  have  now  traced  the  rays  which  occafion  heat,  both 
foiar  and  terreftnal,  through  all  the  varieties  (hat  were  men¬ 


tioned  in  the  beginning  of  this  paper,  and  have  ftiown  that, 
in  every  ftate,  they  are  fubje£t  to  the  laws  of  refle&ion  and 
of  refra&ion,  it  will  be  eafy  to  perceive  that  I  have  made 
good  a  proof  of  the  three  firft  of  my  proportions.  For  the 
fame  experiments  which  have  convinced  us  that,  according 
to  our  fecond  and  third  articles,  heat  is  both  reflexible  and 
refrangible,  eftablifh  alfo  its  radiant  nature,  and  thus  equally 
prove  the  firft  of  them. 


End  of  the,  Firfi  Part. 
Slough,  near  Wfndfor,  " 

.April  26,  iSy.S'. 
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VII.  Account  of  fome  inter  efling  Experiments,  performed  at 
the  London  Philofophical  Society,  refpe  Sting  the  EjfeSts,  of 
Heat,  excited  by  a  Stream  of  Oxygen  Gas  thrown  upon 
Ignited  Charcoal ,  on  a  Number  of  Gems  and  other  refract 
tory  Subjlances  fubmitted  to  its  Atlion ;  with  a  Eefcriptiott 
of  the  Apparatus  employed . 

[Continued  from  Page  29. J 
IVedgewood’ s  Pyrometer  Pieces . 

XVII../jLFTER  the  experiments  already  deferibed,  it  was 
propofed  by  feveral  of  the  members  that  fome  attempt  fhould 
be  made  to  determine  the  degree  of  heat  which  had  been 
excited ;  and,  with  a  view  to  this  end,  a  fragment  of  one  of 
Mr.  Wedgewood’s  pyrometer  pieces  was  fubjedted  to  the 
blaft :  in  a  few  feconds,  however,  it  became  perfectly  fufecL 
It  does  not  appear,  therefore,  that  we  are  at  prefent  in  pof- 
feflion  of  any  better  inftrument  for  appreciating  the  intenfity 
of  heat  thus  produced  than  the  gems  themfelves,  which,  as 
fome  of  them  are  more  refractory  than  others,  and  many  of 
them  more  fo  than  moft  other  fubftances,  may,  from  the 
changes  which  they  undergo,  ferve  to  afford  a  rough  method 
of  eftimating  the  comparative  degree  of  temperature. 

XVIII.  A  ruhy-fpinel,  which  weighed  J|ths  of  a  carat, 
was,  like  the  preceding  hones,  expofed  in  an  excavation  made 
in  a  piece  of  charcoal  ignited  by  means  of  a  common  blow¬ 
pipe,  to  a  dream  of  oxygen  gas  from  the  gafometer.  At  the 
end  of  A  f  it  had  loft  neither  weight  nor  colour,  but  had 
affumed  the  appearance  of  a  rough  garnet,  having  apparently 
undergone  a  very  flight  and  fuperticial  fufion,  juft  fufficient  to 
injure  its  polilh. 

Jar  goons, 

XIX.  Tbefe  ftones  are  colourlefs,  and  harder  than  rock- 
cryftal,  but  lefs  fo  than  the  ruby.  They  are  ufually  found 
in  diamond-mines,  and,  when  well  cut  and  fet,  play  nearly 
as  well  as  rofe. diamonds.  That  they  are  however  effentially 
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different  from  the  diamond,  needs  no  other  proof  than  their 
incombuftibility. 

One  which  weighed  |fths  of  a  carat,  expofed  to  the  heat 
for  2  ,  was  found  to  have  left  no  weighty  whereas  a  diamond 
of  the  fame  fize  would  in  that  time  have  been  entirely  diffi- 
pated,  and  refolved  into  carbonic  acid  gas.  The  ftone  lofi 
its  tranfparency,  and  aflumed  the  appearance  of  a  piece  of 
white  enamel :  it  had  evidently  begun  to  fufe,  but  fome  traces 
of  its  form,  and  even  of  its  facets,  are  ftill  difcernible. 

XX.  Another  jargoon,  weighing  -Ifths  of  a  carat,  was 
expofed  to  the  heat  for  the  fame  length  of  time.  It  broke 
into  three  pieces  while  under  the  blaft,  but  now  prefents  the 
fame  appearances  as  the  former.  The  furfaces  of  both  are 
more  opake  and  white  than  the  interior. 

Vermilions. 

XXL  A  vermilion  which  weighed  A_ths  of  a  carat,  treated 
for  2',  loft  no  weight,  but  became  fufed  into  a  polifhed  opake 
globule,  which  is  nearly  black,  with  a  tinge  of  brownifli- 
green,  like  that  of  very  dark  bottle  glafs. 

XXII.  Fourteen  vermilions,  weighing  ^|ths  of  a  carat, 
expofed  for  2  30"  ,  were  completely  fufed  into  a  polifhed 
opake  globule,  very  like  the  former,  but  not  quite  fo  dark. 
It  is  alfo  not  fo  round  or  polifhed,  having  been  preffed  while 
loft.  A  fmall  face  being  afterwards  fubje&ed  to  the  lapidary’s 
wheel,  the  ftone  appeared  as  hard  as  at  firft,  but  not  fufeepti- 
ble  of  fo  high  a  polifh. 

Garnet. 

XXIII.  One  which  weighed  lath's  of  a  carat,  expofed  to 
the  blaft  for  l'  40'  ,  broke  in  two  pieces,  both  of  which  be¬ 
came  fufed.  The  largeft  prefents  an  appearance  very  like 
that  of  the  vermilion  No.  xxi.j  the  other  is  of  a  dark  lead 
colour  inclining  to  a  bronzy  hue  and  chatoyant,  fomewhat 
like  peacock-lead  ore.  Both  were  prefled  while  foftj  the 
latter  lo  much  fo,  that  it  at  prefent  retains  nothing  of  a  glo¬ 
bular  form. 

V 

Emeralds. 

XXIV.  One,  of  the  weight  of  ^°ths  of  a  carat,  was  fufed 
in  2  into  a  globule  of  an  opake  white  colour  without  any 

lofs 


264  Experiments  refpe Sling  Meal. 

lofs  of  weight.  It  exadftly  refembles  a  pearl  from  a  common 
oyfter,  or  “  dead  pearl, ”  as  jewellers  term  it. 

XXV.  Another  emerald,  weighing  itjths  of  a  carat,  being" 
treated  for  the  fame  length  of  time,  prefents  the  fame  appear¬ 
ance  as  the  former,  except  that  about  one-half  of  the  globule 
ft  ill  retains  fome  traces  of  its  original  colour,  and  is  now  of  a 
greenifh  gray. 

Chry faille. 

XXVI.  A  chryfolite,  weighing  i—ths  of  a  carat,  being 
treated  during  2  loft  no  weight,  but  became  filled  into  a 
rough  opake  greenifti  black  globule. 


XXVIL  Onejacvnth,  weighing  ^  Jths  of  a  carat,  treated 
for  i/  if  loft  no  weight,  but  became  fufed  into  a  globule 
much  refembling  one  of  dark  coloured  bottle-glafs-,  but  nearly 
opake.. 

Opal . 

XXVIII,  An  opal,  weighing  -f  jths  of  a  carat,  treated  for 
44//  melted  into  a  polifhed  globule  of  a  greenifh  white  almoft 
tranfparent,  but  full  of  fmali  bubbles.  It  loft  no  weight. 

Cryjlah . 

XXIX.  A  cut  white  cryftal,  weighing  J|ths  of  a  carat,, 
treated  1 /  44//f  melted  into  a  perfe&ly  tranfparent  globule  like 
flint  glafs,  but  full  of  cracks  and  bubbles.  Its  weight  is  the 
fame  as  before. 

XXX.  Two  fragments  of  rock-eryftal,  weighing  together 
1 carat,  expofed  to  the  heat  during  5'  t  f  melted  together, 
hut  flew  to  pieces  on  cooling,  and  the  whole  is  now  in  fe- 
veral  fragments;  fome  of  it  even  in  powder.  It  refembles  a 
very  pure  white  lalu 

Plalina. 

XXXI.  Sixteen  carats  of  platina  in  grains,  in  the  crude 
Hate,  were  perfectly  fufed  in  a  few  feconds.  A  fecond  and 
a  third  quantity  were  likewife  fufed  ;  but  the  circumftance 
moft  remarkable  was,  that  the  globules  thus  formed  were 
found  to  be  pure  and  malleable,  On  examining  them  at¬ 
tentively  it  was  found  that  the  iron,  which  is  always  prefent 

in 
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III  crude  platina,  and  which;  by  adhering  to  it  with  great 
obdinacy,  makes  it  difficult  to  obtain  that  metal  in  its  pure 
(late,  was  completely  oxydated,  and  adhering  fo  loofely  to 
the  furface  of  the  globules  that  it  feparated  itfelf  in  fcales 
when  they  were  druck  with  a  hammer.  The  globules  were, 
then  extended  under  the  hammer  without  breaking. 

From  this  experiment  it  appeared  probable  that  means 
might  be  devifed  to  fufe  large  quantities  of  crude  platina* 
and  at  the  fame  time  to  obtain  the  metal  pure  and  malleable; 
an  object  fo  defirable,  that  the  Society  refolved  at  lead  to 
make  the  attempt. 

XXXII.  A  table  furnace  was  condrudled  in  fuch  a  man¬ 
ner*  that  the  crucible  containing  the  platina  (eight  ounces) 
could  be  brought  to  a  drong  heat,  by  means  of  charcoal  all 
round  it  and  a  pair  of  double  bellows,  before  allowing  the 
dream  of  oxygen  gas  to  be  introduced  into  it.  The  platina 
was  put  into  the  centre  of  the  crucible,  with  charcoal  below 
and  all  round,  in  fuch  a  manner  that  the  crucible  was  filled 
with  the  charcoal  and  the  metal.  The  cover  was  luted  on* 
and  a  tube,  made  of  burnt  clay,  which  palled  from  a  hole 
near  the  bottom  of  the  crucible  to  the  outfide  of  the  furnace. 
Was  firmly  luted  into  the  crucible,  which  was  fupportcd  in 
the  middle  of  the  furnace.  The  clay  tube  was  connedled,  by 
means  of  another  tube,  with  the  large  gafometer,  and  that 
again  with  a  feries  of  calks  filled  with  oxygen  gas. 

After  exciting,  by  means  of  the  double  bellows,  the  fire 
round  the  outfide  of  the  crucible,  till  it  was  thought  the  crur* 
cible  and  its  contents  mud  have  attained  the  utmod  degree 
of  heat  that  could  in  this  way  be  obtained,  the  communica¬ 
tion  between  the  gafometer  and  the  interior  of  the  crucible 
was  opened,  and  a  dream  of  oxygen  gas  forced  in  through  the 
clay  tube  among  the  contents  of  the  crucible. 

It  will  be  obferved  from  what  has  been  dated,  that  the  in¬ 
tention  was  not  to  excite  the  fire  in  the  body  of  the  furnace 
by  means  of  a  dream  of  oxygen.  That  appeared  to  be  an 
unneceffary  wade.  All  that  was  aimed  at  was,  by  exciting 
a  hidden  and  rapid  combudion  of  the  charcoal  lodged  in  the 
crucible  along  with  the  platina,  to  reduce  the  latter;  and  it 
was  thought  that  the  previous  ignition  of  the  crucible  and  its 
contents,  by  the  help  of  the  furnace,  would  facilitate  this, 
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In  a  few  feconds  after  opening  the  communication  with 
the  gafometer,  fuch  a  vivid  flame  iflued  through  the  hole  in 
the  cover  of  the  furnace,  that  it  was  thought  unneceflary  to 
carry  the  procefs  further,  as  the  gas  appeared  evidently  to 
be  acting  on  the  fuel  in  the  furnace,  inflead  of  having  its 
ablion  confined  principally,  as  was  intended,  to  the  contents 
of  the  crucible. 

After  fome  time,  the  furnace  was  examined.  More  than 
a  half  of  the  clay  tube  which  ferved  to  convey  the  gas 
through  the  furnace  into  the  crucible  was  found  gone,  and 
the  remaining  portion  of  the  tube  polifhed  highly  on  the 
furface,  the  clay  having  been  running  in  a  ftate  of  extreme 
fuflon.  The  fide  of  the  crucible  next  the  tube. was  polifhed 
in  the  fame  manner,  and  the  hole  in  which  the  tube  had 
been  luted  was  found  greatly  enlarged.  The  charcoal  in  the 
crucible  had  not  been  half  confumed,  and  the  platina  was 
found  fufed  at  the  bottom.  A  few  globules  were  found  in- 
terfperfed  among  the  charcoal,  having  been  arrefted  in  their 
defcent  by  flopping  the  procefs  before  they  had  time  to  reach 
the  chief  mafs  at  the  bottom;  but  it  feemed  plain  that,  had 
the  blafl  of  oxygen  gas  been  continued  for  a  minute  or  two 
longer,  the  crucible  would  have  been  completely  run  down. 

The  platina  was  then  examined,  but  the  refult  was  not 
what  the  Society  had  promifed  themfelves.  Though  it  had 
been  completely  fufed,  the  procefs  was  found  tp  have  been  qf 
too  fhort  a  duration  to  oxydate  all  the  iron  contained  in  it. 
The  large  button  broke  under  the  hammer. 

From  this  it  appears  that,  though  platina,  in  final!  quanti¬ 
ties  (Exper.  XXXI.)  may  be  reduced  and  brought  to  a  ftate 
of  purity  by  oxydating  the  iron  by  means  of  a  ftream  of  oxy¬ 
gen  gas,  it  will  require  a  confiderable  degree  of  addrefs  to  be 
able  to  apply  this  on  a  fcale  of  any  confiderable  extent.  If 
even  rock-cryftal,  and  thofe  gems  which,  till  tbefe  experi¬ 
ments,  have  been  held  infufible,  are  yet  found  fufible  by  the 
powerful  heat  excited  by  the  agents  employed  in  them,  how 
are  materials  to  be  obtained  fufftciently  refrablory  to  main¬ 
tain  the  neceflary  arrangements  in  a  furnace  during  fijeh  a 
> 
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VTTf.  An  'Examination  of  St.  Pierr-e’s  Hypothefs  refpe&itig 
the  Caufe  of  the  Tides ,  which ,  in  opposition  to  the  received 
Theory ,  attributes  them  to  fuppofed  periodical  Tffujions  of 
the  Polar  Ices.  By  Samuel  Woods,  Efq.  Bead  before 
the  Afhefan  Society  November  5,  1799. 

[Concluded  from  Page  147.] 

I  NOW  proceed  to  ftate  the  three  remaining  proofs  adduced 
by  St.  Pierre  in  corroboration  of  the  demonftration  I  have 
juft  noticed 3  but,  as  I  conceive  myfelf  to  have  fully  difproved 
the  geometrical  evidence,  I  {hall  not  trouble  you  with  an  at¬ 
tempt  to  invalidate  thefe  fubftdiary  confirmations. 

The  fecond  proof  (fays  he)  is  atmofpherical.  It  is  well  known 
that,  in  proportion  as  you  afcend  a  mountain,  the  mercury  in  the 
barometer  fubfides :  now  the  mercury  finks  in  the  barometer 
in  proportion  as  you  advance  northward.  The  weight  of  one 
line  of  mercury  at  Paris  is  equivalent  to  an  elevation  of  io~ 
fathom  and  5  feet,  whereas  in  Sweden  it  is  equivalent  to 
20  fathom  1  foot  6  inches  only;  and  of  courfe  the  ground  of 
Sweden  mu  ft  be  hipher.  From  a  feries  of  obfervations  made 

f  o 

by  captain  Cook  in  the  fouthern  hemifphere  in  1773  to  1775, 
we  perceive  the  mercury^  fcarcely  ever  nfes  higher  than  29 
inches  beyond  the  60th  degree  of  fouth  latitude,  and  mounted 
aim  oft  always  to  30  inches  and  even  higher  in  the  vicinity 
of  the  torrid  zone  ;  which  proves  that  the  barometer  falls  as 
you  recede  from  the  line,  and  that  both  poles  are  elongated. 
The  third  proof  is  nautical,  arifing  from  the  annual  de- 
fcent  of  the  ices  toward  the  line,  impelled  by  currents  pro¬ 
ceeding  alternately  from  each  pole  during  their  refpedlive 
fummers,  immenfe  mountains  of  ice  being  frequently  feen 
by  navigators  in  low  latitudes. 

The  fourth  proof  is  aftronomical.  Childrey  (an  Englifh 
author  of  note)  fuppofes,  as  I  do,  that  the  earth  at  the  poles 
is  covered  with  ice  to  fuch  a  height  as  to  render  its  figure 
fenfibly  ovab  Kepler  fays  that  the  eclipfe  of  the  moon  on 
the  26th  September  1624,  the  one  obferved  by  Tycho 
Brahb  in  1388,  which  was  total,  and  very  nearly  central, 
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differed  widely  from  the  calculation  :  for,  not  only  the  dura* 
tion  of  total  darknefs  was  extremely  (hort,  but  the  reft  of  the 
duration,  previous  and  pofterior  to  the  total  obfeuration,  was 
Hill  ffiorter,  as  if  the  figure  of  the  earth  was  elliptical,  having 
the  fmalleft  diameter  under  the  equator,  and  the  greater  from 
pole  to  pole. 

Navigators  in  the  north  have  always  feen  the  elevation  of 
the  fun  above  the  horizon  greater  the  nearer  they  approach 
the  poles.  It  is  impoffible  to  aferibe  thefe  optical  effedts  to 
atmofpherical  refradtion. 

Barents,  on  the  34th  of  January,  in  Nova  Zembla,  faw 
the  fun  15  days  fooner  than  he  expedted,  which  would  give  2 
refradtion  of  3^-°;  a  thing  impoffible,  and  the  circumftance 
can  be  aferibed  to  no  other  caufe  than  his  real  elevation. 

St.  Pierre  cuts  the  difficulty  arifing  from  the  different  vi¬ 
brations  of  the  pendulum,  by  obferving  that  they  are  liable 
to  a  thOufand  errors. 

The  elongation  of  the  poles  being  thus  demonftrated,  the 
Current  of  the  feas  and  tides  follows  as  a  natural  and  neceffary 
eonfequerice* 

Let  us  now  confider  the  extent  of  the  polar  ices,  and  the 
powers  capable  of  effedting  their  folution. 

The  polar  ices  in  the  winter  proper  to  each  hemifphere  are 
from  fix  to  feven  thoufand  leagues  in  circumference;  but  in 
their  fummer,  from  two  to  three  thoufand. 

The  ices  and  fnows  form  in  our  hemifphere,  in  January*  a 
cupola,  the  arch  of  which  extends  more  than  twTo  thoufand 
leagues  over  the  two  continents,  with  a  thickiiefs  of  fome 
lines  in  Spain,  fome  inches  in  France,  feveral  feet  in  Ger¬ 
many,  many  fathoms  in  Ruffia,  and  beyond  the  6o°  of  north 
lat.  of  fome  hundred  feet.  Some  ice  illands  were  feen  by 
jCJlis  from  fifteen  to  eighteen  hundred  feet  above  the  level  of 
the  fea,  and  they  probably  go  on  increafing  to  the  pole  to  a 
height  indeterminable.  Hence  the  enormous  aggregation  of 
water,  fixed  by  the  cold  of  winter  in  our  hemifphere,  above 
the  level  of  the  ocean,  is  clearly  perceptible;  and  to  the  pe¬ 
riodical  fufion  of  thefe  vaft  maffes  the  general  movement  of 
the  feas  and  tides  is  juftly  afcribable.  The  ices  at  the  fouth 
pole  exceed  iu  quantity  thofe  at  the  north ;  and  two  fuch 
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bodies  of  ices,  alternately  accumulated  and  diflblved,  at  the 
two  poles,  niuft  occalion  a  very  perceptible  augmentation  of 
its  waters  at  their  return  to  it  by  the  atlion  of  the  fun,  and 
a  great  diminution  by  their  reduction  to  ice  when  the  fun 
fetires.  It  has  been  calculated  that  the  earth  and  fea  covered 
with  ice,  may  be  equalled  to  i-ioth  of  the  whole  ocean,  and 
the  height  of  the  polar  ices  is  at  lead;  600  feet ;  a  mafs  which 
in  melting  muft  add  i-ioth,  that  is  60  feet,  to  the  level  of 
the  ocean. 

Nature  has  diflributed  fandy  zones  to  affift,  at  the  proper 
feafon,  in  accelerating  the  fulion  of  the  polar  ices.  The  winds 
in  fummer  convey  the  igneous  particles  with  which  thefe 
zones  are  filled  towards  the  poles,  where  they  affifl  the  fun’s 
action  on  the  ices. 

The  moon  alfo  diiTolves  ice  by  the  humidity  of  the  atmo- 
fphere.  When  the  moon  fhines  in  winter  nights  in  all  her 
lu-ftre  it  freezes  very  fharply,  becaufe  the  north  wind  checks 
the  evaporating  influence  of  the  moon :  but  if  the  wrind  is 
ftilled  ever  fo  little,  you  fee  the  heavens  covered  with  vapours 
\dheh  exhale  from  the  earth,  and  you  feel  the  atmofphere 
foftened. 

Nature  having  determined  to  indemnify  the  poles  for  the 
fun’s  abfence,  makes  the  moon  pafs  toward  the  pole,  which 
the  fun  abandons  :  (he  cryftallifes,  and  reduces  into  brilliant 
fnows,  the  waters  which  cover  it;  {he  renders  its  atmofphere 
more  refra£live,  that  the  fun’s  prefence  may  be  detained  longer 
in  it,  and  reftored  fooner  to  it:  and  hence  alfo  there  is  reafoii  to 
conclude  {he  has  drawn  out  the  poles  of  the  earth  in  order  to 
bellow  on  them  a  longer  participation  of  the  fun’s  influence. 
We  may  judge  from  analogy  the  general  effect  of  the  tides  : 
A  fource  difcharging  itfelf  into  a  baibn  produces  at  the  fides  of 
that  bafon  a  backward  motion  or  counter  current,  which  car¬ 
ries  draws  and  other  floating  fubflances  up  towards  the  fource. 

Charlevoix  (Hid.  of  New  France)  tells  us  that,  though  the 
wind  was  contrary,  he  failed  at  the  rate  of  eight  leagues 
a  day  up  lake  Michigan,  againft  its  general  current,  by  the 
aflidance  of  its  lateral  counter-currents. 

M.  de  Crevcoeur  aflures  us,  that  in  failing  up  the  Ohio, 
along  its  banks  he  made  422  miles  in  14  days,  or  ten  leagues 

a- day, 
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a-dav,  by  means  of  the  counter-currents,  which  have  always 
a  velocity  proportional  to  that  of  the  principal  current. 

The  particular  effects  obferved  in  lakes  and  rivers  comma-’ 
nicating  with  iev  mountains.,  illuftrate  the  nature  of  the  polar 
effufions.  A  kind  of  flux  and  reflux  in  the  lake  of  Geneva, 
during  fummer  and  towards  the  evening,  is  obfervable,  occa¬ 
sioned  by  the  melting  of  the  fnows,  which  fall  into  it  after 
noon  in  greater  quantities  than  at  other  feafons  of  the  day. 
The  intermittence  of  certain  fountains  is  afcribableto  the  fame 
Caufe.  The  frequent  and  rapid  fluxes  (ten  or  twelve  times 
a  day)  of  the  Euripus,  the  ftrait  feparating  Bceotia  from  Eu¬ 
boea,  arife  from  the  fame  fource. 

The  currents  of  the  ocean  are  reducible  to  two  general 
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ones  :  one,  during  our  fummer,  from  the  north  pole,  in  a 
South  direction;  the  other,  during  our  winter,  proceeding 
northward  from  the  fouth  pole. 

Dampier  lays  it  down  as  a  principle,  founded  on  many  ex¬ 
periments,  that  currents  are  fcarcely  ever  felt,  but  out  at  fea, 
and  tides  upon  the  coafts. 

The  polar  efiufions,  which  are  the  tides  of  the  north  and 
eaft  to  thofe  who  dwell  in  the  vicinity  of  the  pole,  or  in  bays 
communicating  with  it,  take  their  general  courfe  to  the  middle 
of  the  channel  of  the  Atlantic  ocean,  attracted  toward  the 
line  bv  the  diminution  of  the  waters,  which  the  fun  is  incef- 
fantly  evaporating.  They  produce  by  their  general  current 
two  contrary  currents  or  collateral  whirlpools  flmilar  to  thofe 
produced  by  rivers  on  their  banks,  and  the  tides  may  be  con- 
fidered  as  vortices  of  the  general  current  of  the  Atlantic 
ocean. 

The  general  current,  which  flows  from  our  pole  in  fummer 
with  fo  much  rapidity,  and  which  is  fo  violent  towards  its 
fource,  erodes  the  equinoctial  line,  its  flux  not  being  Hemmed 
bv  the  effufions  of  the  fouth  pole,  at  that  feafon  confolidated 
into  ice ;  it  extends  beyond  the  Cape  of  Good  Hope,  and 
being  directed  eaft,  by  the  pofttion  of  Africa' and  Afta,  forces 
the  Indian  ocean  into  the  lame  direction,  and  may  be  con- 
fidered  as  the  prime  mover  of  the  weflern  monfoon,  w  hich 
takes  place  in  the  Indian  leas  in  April,  and  ends  in  September. 

The  general  current,  ill  hi  up;  during  our  winter  from  the 
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fbutn  pole,  reftores  the  Indian  ocean  to  its  natural  motion 
weft;  erodes.,  in  its  turn, the  equinoctial  line,  penetrates  into 
our  Atlantic  ocean,  directs  its  motion  north  by  the  pofttion 
of  America,  and  produces  various  changes  in  our  tides.  All 
the  bays,  creeks,  and  mediterraneans  of  fouthern  Afia,  fuch 
as  the  gulphs  of  Siam  and  Bengal,  the  Perfian  gulph,  the 
Red  fea,  &c.  are  direCted  relatively  to  thefe  currents  north 
and  fouth  fo  as  not  to  be  ftemmed  by  them  ;  as  all  the  bays 
and  mediterraneans  of  Europe,  as  the  Baltic,  the  Hnglifti 
ehannel,  the  bay  of  Bifcay,  the  Mediterranean  fea,  Baffin’s 
bay,  Iludfon’s  bay,  the  gulph  of  Mexico,  and  many  others, 
are  directed  relatively  to  thefe  currents  eaft  and  weft ;  or,  to 
fpeak  with  more  precifion,  the  axes  of  all  the  openings  of  the 
land  in  the  old  and  new  world  are  perpendicular  to  the  axes 
of  thefe  general  currents,  fo  that  their  mouth  only  is  crofted 
by  them,  and  their  depth  is  not  expofed  to  the  impulftons  of 
the  general  movements  of  the  ocean. 

That  thefe  currents  are  not  the  offspring  of  my  own  ima¬ 
gination,  but  aCtually  fuch  as  I  have  deferibed  them,  will 
appear  from  various  teftimonies.  Froger  fays  that  in  Brazil 
the  currents  follow  the  fun,  running  fouth  ward  when  he  is 
fouth,  and  northward  when  he  is  north.  In  the  fumnier  of 
the  fouthern  hemifphere,  the  tides  fet  in  northward  ( Schouten , 
Jan.  1661),  but  in  winter  run  fouthward  and  come  from  the 
north  ( Frafer ,  May  1712).  C.  Columbus  fet  fail  from  the 
Canaries  the  beginning  of  September,  and  fleered  to  the  weft  ; 
he  found,  during  the  firft  days  of  his  voyage,  that  the  cur¬ 
rents  carried  him  to  the  north -eaft:  5  when  he  had  advanced' 
200  or  300  leagues  from  land,  he  perceived  their  direction' 
was  fouthward  :  finally,  as  he  approached  the  Lucayo  ifiands, 
he  again  found  the  current  fetting  in  north. 

The  nautical  obfervations  of  Cook  demonftrate  that  the 
currents  of  the  Atlantic  ocean  are  alternate  and  half-yearly 
like  thofe  of  the  Indian  ocean.  The  beans  called  Oxeyes', 
which  grow  only  in  the  Weft  Indies,  are  every  year  thrown! 
up^  on  the  coaft  of  Ireland,  1200  leagues  diftant.  Seeds  and 
turtles  are  brought  to  the  Hebrides  from  the  Weft  Indies) 
and  America;  and  the  mail  of  the  Tilbury  man  of  war,, 
burnt  at  Jamaica,  was  found  on  thefe  coafts :  the  current; 
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which  wafts  thefe  along  proceeds  in  a  north  dire&ion,  and 
proves  that  the  Atlantic  current  comes  from  the  fouth,  and 
fcts  in  north  during  our  winter.  The  currents  of  the  north 
annually  convey,  in  fummer,  toward  the  fouth,  long  banks  of 
floating  ices  of  very  confiderable  depth  and  elevation,  which 
run  aground  as  far  fouth  as  the  banks  of  Newfoundland. 

.Rennefort  (June  20,  1666),  near  the  Azores  (in  lat.  40* 
to  450),  faw  the  broken  rnafts,  failyards,  &c.  wrecked  in  the 
engagement  which  lafted  four  days  between  the  Englifh  and 
Dutch,  from  June  11  to  15  :  this  naval  combat  took  place 
12  miles  to  the  north-weft  of  Oftend,  about  510  north.  The 
currents  from  the  north  had  therefore  v/afted  them  in  nine 
clays  ii°  fouth,  befides  a  confiderable  progrefs  weftward. 

The  general  current  iftuing  from  the  fouth  pole  divides 
into  two  branches ;  one,  fetting  in  towards  the  Atlantic 
ocean,  penetrates  even  to  its  northern  extremity.  This  part, 
ftraitened  by  the  prominent  parts  of  Africa  and  America, 
forms  on  the  coaft  two  counter  currents,  which  proceed  in 
oppofite  directions.  One.  of  thefe  currents  runs  eaft,  along 
the  coaft  of  Guinea,  to  the  4th  degree  of  fouth  latitude;  the 
other  takes  its  departure  from  Cape  St.  Auguftin,  proceeding 
fouth- weft,  along  Braftl,  to  Mai  re’s  Straits.  In  the  middle  of 
the  Atlantic  ocean,  beyond  the  ftrait  formed  by  the  two 
continents,  this  general  branch  pu flies  on  north,  and  ad^ 
vances  to  the  north  extremities  of  Europe  and  America, 
bringing  us  twice  every  day  along  our  coafts  the  tides  of  the 
fouth,  which  are  the  half  daily  effufions  of  the  two  fides  of 
the  fouth  pole.  The  other  branch  takes  a  direction  fouth  of 
Cape  Horn,  rufhes  into  the  South  fea,  produces  the  mon- 
foon  in  the  Indian  ocean,  and,  having  made  the  tour  of  the 
globe,  unites  itfelf  by  the  Cape  of  Good  Hope  to  the  general 
current  which  enters  the  Atlantic' ocean. 

In  our  fummer,  commencing  toward  the  end  of  March, 
when  the  fun  retires  from  the  fouthern  hemifphere,  and  pro¬ 
ceeds  to  warm  the  north,  the  effufions  of  the  fouth  pole  are 
flayed,  tbofe  of  our  pole  begin  to  flow,  and  the  currents  of 
the  ocean  change  throughout  every /latitude.  The  general 
current  of  our  feas  divides  alfo  into  two  branches ;  the  firft: 
deriving  its  fource  from  Waigats,  Hudfon’s  Bay,  &c.  flows 
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with' the  rapidity  of  a  fluice,  defcends  through  the  Atlantic 
ocean,  erodes  the  line,  and,  finding  iifelf  confined  at  the  fame 
Strait  of  Guinea  and  Brafil,  forms  two  lateral  counter  cur¬ 
rents  fettingin  north  :  thefe  counter  currents  produce,  on  the 
coafts  of  Europe,  the  tides  which  appear  to  come  from  the 
fou tit.  The  general  current  advances  fouth,  arrives  about 
the  month  of  April  at  the  Cape  of  Good  Hope,  and  renders 
the  paffage  round  this  cape  fo  difficult  to  veffels  returning 
from  India  at  this  feafon  ;  about  the  middle  of  May  it  reaches 
the  coafts  of  India,  produces  the  weft  monfoon,  and,  having 
cncompaffied  the  globe,  proceeds  to  Cape  Horn,  re-afcends 
the  coafts  of  Brafil,  and  creates  a  current  terminating;  at 
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Cape  St.  Auguftin. 

The  other  general  branch,  which  receives  much  lefs  of  the 
icy  effufions,  iftlies  between  the  continents  of  Alia  and  Ame¬ 
rica,  and  defcends  to  the  South  fea,  where  it  is  re-united  to 
the  firft  branch.  The  ocean  accordingly  flows  twice  a  year 
round  the  globe  in  oppofite  fpiral  directions,  taking  its  de¬ 
parture  alternately  from  each  pole,  and  defcribes  on  the 
earth  the  fame  courfe  which  the  fun  does  in  the  heavens. 

The  courfe  of  our  tides  towards  the  north  in  winter  is  not 
an  effeCt  of  the  lateral  counter  currents  of  the  Atlantic  ocean, 
but  of  the  general  current  of  the  fouth  pole,  which  runs 
north.  In  this  direction  almoft  throughout  it  pafifes  from  a 
wider  fpace  into  a  narrower,  and  carries  before  it  at  once  the 
whole  mafs  of  the  waters  of  the  Atlantic  ocean,  without  per- 
mittino-  a  fino-le  column  to  efcape  either  to  the  right  or  left. 
However,  if  it  meet  a  cape  or  ftrait  to  oppofe  its  courfe,  it 
would  form  there  a  lateral  current,  as  at  Cape  St.  Auguftin, 
and  in  Africa  about  io°  N.  lat.  ;  for  in  the  fummer  of  the 
fouth  pole  the  currents  and  tides  return  fouth  on  the  Ame¬ 
rican,  and  eaft  on  the  African  fide,  the  whole  length  of  the 
'  Gulph  of  Guinea,  in  contradiction  to  all  the  laws  of  the 
lunar  fyftem. 

From  thefe  polar  effufions  the  principal  phenomena  of  the 
tides  may  be  explained.  It  will  be  evident,  for  example,  why 
thofe  of  the  evening  fhould  be  ftronger  in  fummer  than  thofe 
of  the  morning  ;  becaufe  the  fun  aCts  more  powerfully  by 
day  than  by  night  on  the  ices  of  the  pole  on  the  fame  roeri- 
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dian  as  ourfelves  :  and  alfo  why  our  morning  tides  in  winter 
rife  higher  than  thofe  of  the  evening,  and  why  the  order  of 
our  tides  changes  every  fix  months ;  becaufe,  the  fun  being 
alternately  towards  both  poles,  the  effedt  of  the  tides  muft  be 
oppofite,  like  the  caufes  which  produce  them.  At  the  fol- 
fti'ces  the  tides  are  lower  than  at  any  other  feafon  of  the  year, 
and  thofe  likewife  are  the  feafons  when  there  is  raofl:  ice  on 
the  two  poles,  and  confequently  leaft  water  in  the  fea  :  the 
reafon  is  obvious,  the  winter  folftice  is  with  us  the  feafon  of 
the  greateft  cold  of  courfe  there  is  the  greateft  poffible  ac¬ 
cumulation  of  ice  on  our  pole  and  hemifphere.  At  the  fouth 
pole  it  is  indeed  the  fummer  folftice ;  but  little  ice  is  then 
melted,  becaufe  the  action  of  the  greateft  heat  is  not  felt 
there  as  with  us,  till  the  earth  has  an  acquired  heat  fuper- 
added  to  the  fun’s  adflion,  which  takes  place  the  fix  weeks*, 
following  the  fummer  folftice. 

At  the  equinoxes,  on  the  contrary,-  we  have  the  higheft 
tides  5  and  thefe  are  precifely  the  feafons  when  there  is  leaft 
ice  at  the  two  poles,  and  of  courfe  the  greateft  quantity  of 
water  in  the  ocean.  At  our  autumnal  equinox  in  September, 
tlie  greateft  part  of  the  ices  of  the  north  pole  is  melted,  and 
thofe  of  the  fouth  pole  begin  to  dififolve.  The  tides  in 
March  rife  higher  than  thofe  in  September,  becaufe  it  is  the 
end  of  fummer  to  the  fouth  pole,  which  contains  much 
more  ice  than  ours,  and  confequently  fends  a  greater  mafs  of 
water  to  the  ocean. 

I  fir  all  fay  nothing  (he  proceeds)  of  the  intermittence  of 
the  polar  eftufions,  which  produce  on  our  eoaft  two  fluxes  and 
two  refluxes  nearly  in  the  fame  time  that  the  fun,  making 
the  circuit  of  the  globe,  alternately  heats  two  continents  and 
two  oceans,  that  is,  in  the  fpace  of  24  hours,  during  which 
his  influence  twice  a6ts  and  is  twice  fufpended ;  nor  fhall  I 
fpeak  of  the  retardation,  which  is  nearly  of  an  hour  every 
day,  and  which  feems  regulated  by  the  different  diameters  of 
the  polar  cupola  of  ice,  whofe  extremities,  melted  by  the  fun, 
diminifh  and  retire  from  us  everyday,  and  whofe  effufionS 
muft  confequently  require  more  time  to  reach  the  line,  and 
to  return  from  the  line  to  us.  Nor  fhall  I  dwell  on  the  other 
relations  thefe  polar  periods  have  to  the  phafes  of  the  moon,. 
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especially  when  fhe  is  at  full ;  for  her  rays  poflefs  an  evapo¬ 
rating  heat,  as  the  late  experiments  at  Rome  and  Paris  fully 
'demonftrate  *  ;  much  lefsfhall  I  involve  myfelf  in  a  difcufiion 
of  the  tides  of  the  fouth  pole,  which  in  fummer  in  the  open 
fea  come  in  vaft  f urges  from  the  fouth  and  fouth -weft.  There 
are  two  tides  every  day ;  becaufe  the  fun  warms  by  turns, 
•every  24  hours,  the  eaft  and  weft  fide  of  the  pole  in  fufion, 
Precifely  the  fame  eflfedt  takes  place  in  lakes  fituated  in  the 
vicinity  of  icy  mountains,  which  have  a  flux  and  reflux  in 
•the  day-time  only.  But  it  cannot  be  doubted  that,  if  the  fun 
warmed,  during  the  night,  the  other  fide  of  thefe mountains, 
they  would  produce  another  flux  and  reflux  ;  and  confe- 
quently  two  tides  in  24  hours,  like  the  ocean. 

We  are  not  to  imagine  that  every  tide  is  a  polar  effufion 
of  the  particular  day  on  which  it  happens,  but  an  eflfedi  of 
the  feries  of  polar  effufions ;  fo  that  the  tide  which  takes 
place  on  our  coafts  to-day,  is  perhaps  part  of  that  which  took 
place  fix  weeks  ago.  But  here,  too,  muft  we  admire  the 
harmony  of  nature :  the  evening  and  morning  tides  take 
place  on  our  coafts  as  if  they  ifliied  that  very  day  from  the 
higher  and  lower  part  of  our  hemisphere ;  and  the  tides  of 
tummer  are  precifely  eppofite  to  the  tides  of  winter,  as  are 
the  tides  from  whence  they  flow;  our  evening  tides  in  fum¬ 
mer,  and  our  morning  tides  in  winter,  being  greateft. 

If  the  tides  are  ftronger  after  the  full  moon,  it  is  becaufe 
•that  luminary  increafes  by  her  heat  the  polar  effufions,  and 
confequentlv  the  quantity  of  water  in  the  ocean. 

Let  us  now  explain  why  the  tides  of  the  South  fea  do  not 
refemble  thofe  of  the  Atlantic  ocean.  The  irregular  effufion# 
of  the  poles,  not  being  narrowed  in  the  fouthern  hemifphere, 
as  in  ours,  produce  on  the  fhores  of  the  Indian  ocean  and 
South  fea  expanfions  vague  and  intermitting.  The  fouth 
pole  has  not,  like  the  north  pole,  a  double  continent,  which 
feparates  into  two  the  divergent  effufions  daily  produced  by 
the  fun :  it  has  no  channel  in  paffing  through  which  its 
effluxes  fhould  be  retarded :  its  effufions  accordingly  flow  di- 
redtly  into  the  vaft  fouthern  ocean,  forming  on  the  half  of 
that  pole  a  feries  of  divergent  emanations  which  perform  the 

*  I  do  not  know  where  any  account  of  thefe  lfrange  experiments  can  be 
found. — VV. 
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touf,  of  it  in  24  hours,  like  the  rays  of  the  fun.  When 
a  bundle  of  thefe  effufions  falls  upon  an  ifland,  it  produces 
there  a  tide  of  twelve  hours,  i.  e.  of  the  fame  duration  with 
that  which  the  fun  employs  in  heating  the  icy  cupola  through 
which  the  meridian  of  that  ifl and  pafTes ;  fuch  are  the  tides 
of  the  i hands  of  Otaheite,  MafTafue.ro,  New  Holland,  New 
Britain,  Ac.  :  each  of  thefe  tides  lafts  as  long  as  the  courfe 
of  the  fun  above  the  horizon,  and  is  regular  like  his 
courfe. 

In  the  nothern  part  of  the  South  fea  the  two  continents 
approach  :  they  pour  therefore  by  turns,  in  fummer,  into  the 
channel  which  feparates  them,  the  two  femi-diurnal  effufions 
of  their  pole,  and  there  they  colled  by  turns,  in  winter,  thole 
of  the  fouth  pole,  which  produces  two  tides  a  day  as  in  the 
Atlantic  ocean.  But  as  this  channel  about  the  550  of  N.  lat. 
ceafes  to  exift  by  the  hidden  divergence  of  the  continents  of 
Alia  and  America,  thofe  places  only  fituated  in  the  point  of 
divergence  of  the  northern  parts  of  thefe  two  continents  ex¬ 
perience  two  tides  a  day.  Such  are  the  Sandwich  Ifiands. 
Where  fuch  places  are  more  expofed  to  the  current  of  the  one 
continent  than  the  other,  its  two  femi-diurnal  tides  are  un¬ 
equal ,  as  at  the  entrance  of  Nootka  Sound  :  but  when  it  is 
completely  out  of  the  influence  of  the  one,  and  entirely  under 
that  of  the  other,  it  receives  only  one  tide  of  twelve  hours 
everyday,  as  at  Kamtfchatka.  Thus,  two  harbours  may  be 
fituated  in  the  fame  fea  under  the  fame  parallel,  and  one 
of  them  have  two  tides,  and  the  duration  of  thefe  tides,  whe¬ 
ther  double  or  Angle,  double  equal  or  double  unequal,  regu- 

• 

lar  or  retarded,  is  always  12  hours  every  24  hours,  i .  e .  pre- 
cifely  the  time  the  fun  employs  in  heating  that  half  of  the 
polar  cupola  from  whence  they  flow  ;  which  cannot  poffibly 
be  referred  to  the  unequal  courfe  of  the  fun  between  the  tro¬ 
pics,  and  much  lefs  to  that  of  the  moon,  which  is  frequently 
but  a  few  hours  above  the  horizon  of  fuch  harbours.  All 
ifiands  are  in  the  midft  of  currents  :  on  looking  therefore  at 
the  fouth  pole  with  a  bird’s-eye  view,  we  fhould  fee  a  fuc- 
ceffion  of  archipelagos  difperfed  in  a  fpiral  line  all  the  way 
to  the  northern  hemifphere,  which  indicates  the  current  of 
the  lea,  juft  as  the  projection  of  the  two  continents  on  the  fide 
of  the  north  pole  indicates  the  current  of  the  Atlantic.  Thus, 

the 
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the  courfe  of  the  Teas  from  one  pole  to  the  other  is  in  a 
fpiral  line  round  the  globe,  like  the  courfe  of  the  fun 
from  one  tropic  to  the  other:  admitting  therefore  the  alter¬ 
nate  fufion  of  the  polar  ices,  all  the  phenomena  of  the  tides 
and  currents  of  the  ocean  may  he  explained  with  the  greateff 
facility. 

I  have  then  eftablifhed  by  fadts  {imple,  clear,  and  nume¬ 
rous,  the  difagreement  of  the  tides  in  mo  ft  feas  with  the 
moon’s  action  on  the  equator,  and  their  perfect  coincidence 
with  the  fun’s  adfion  on  the  polar  ices. 

I  have  no  doubt  various  objections  may  be  urged  againft 
this  hafty  explanation  of  the  courfe  of  the  tides,  &c.  But 
thefe  phyfical  caufes  prefent  themfelves  with  a  higher  degree 
of  probability,  fimplicity,  and  conformity  to  the.  general 
progrefs  of  nature,  than  the  aftronomical  caufcs  by  which  it 
is  attempted  to  explain  them. — Thus  far  St.  Pierre. 

I  hefitate  whether  I  ought  not  to  apologife  for  occupying 
fo  much  of  your  time  and  attention  in  the  detail  of  a  theory 
which  may  be  deemed  unworthy  of  ferious  notice  ;  yet  I 
flatter  myfelf  it  will  afford  an  opening  to  curious  and  intercfl- 
ing  difeuffion.  St.  Pierre  complains  that  the  prejudices  of 
mankind  are  fo  ftrong  in  favour  of  received  opinions,  that  he 
cannot  obtain  a  hearing;. 

To  the  belt  of  my  judgment  I  have  offered  a  fair  and  can¬ 
did  expofition  of  a  hypothefis  which  he  has  dreffed  up  with 
fome  eloquence  and  much  declamation,  and  ufhered  into  the 
world  with  a  folemn  and  impofing  air  of  confidence  and  af- 
furance,  tolerably  well  calculated  to  confound  the  ignorance 
and  candour  of  his  readers.  I  am  not  confcious  of  having 
omitted  any  material  fadt  or  argument  which  tends  to  the 
'fup port  and  elucidation  of  his  theory  ;  I  have  neglected  much 
abfurd  reafoning,  yet  not  without  retaining  fome  curious 
fpecimens.  I  did  once  intend  to  have  entered  into  a  ge¬ 
neral  examination  of  his  principles  and  reafoning  ;  to  have 
fliown  the  fallacy  of  the  former,  the  inconel ufivenefs  and 
inconfiftency  of  the  latter;  but  I  {hall  now  be  fatisfied  with 
offering  a  few  fadfs  and  obfervations  extradfed  from  the  2d 
and  third  voyage  of  Captain  Cook,  which  appear  to  me  de- 
cifive  of  the  queftion. 
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Captain  Cook,  who  fpent  three  fummers  as  near  as  the  ic* 
would  permit  his  approach  towards  the  fouth  pole,  found  or 
December  14,  1772^  and  from  that  date  to  the  beginning 
of  January  1773,  in  latitude  from  53 0  to  64°  fouth,  avail 
compact  body  of  ice  which  prevented  his  further  pro- 
grefs.  The  thermometer  varied  from  30°  to  350.  Being 
immerfed  100  fathom  deep  for  about  20  minutes,  it 
came  up  340  ;  and  on  the  13th  of  January  i774>  011  a 
repetition  of  this  experiment,  the  open  air  being  36°,  the 
furface  of  the  fea  33  the  thermometer  came  up  3 2°. 
They  found  water  generally  freeze  at  33°.  f£  We  certainly 
had  no  thaw,  (fays  he,)  the  mercury  keeping  ufually  below 
the  freezing  point.  Being  near  an  iiland  of  ice  (December  24, 
1772)  50  feet  high  and  400  fathom  in  circuit,  I  fent  the 
roafter  in  the  jolly  boat  to  fee  if  any  water  ran  from  it.  He 
foon  returned  with  an  account  there  was  not  one  drop,  or  any 
other  appearances  of  thaw.”  And  in  the  fummer  of  1774 — 75 
his  experience  was  nearly  fimilar.  On  the  13th  of  February 
3775,  the  thermometer  flood  at  290.  In  his  3d  voyage  to 
the  north-weft  coaft  of  America,  on  the  J7U1  of  Auguft 
1778,  in  lat.  709  44',  they  were  flopped  by  a  field  of  ice  10 
or  12  feet  high,  as  compact  as  a  wall;  66  further  north  it  ap¬ 
peared  much  higher;  here  and  there  we  faw  upon  it  pools  of 
water;  we  tried,  but  found  no  current.  July  7,  1779,  lat.  69°; 
flopped  by  a  large  field  of  ice,  presenting  a  great  extent  of 
folid  and  compact  furface  not  in  the  fmalleft  degree  thawed  1 
the  thermometer  flood  at  31V5 

66  As  far  as  our  experience  went,  the  fea  is  clearer  of  ice  in 
Auguft  than  in  July,  and  perhaps  it  may  be  flili  freer  in  a 
part  of  September.  We  tried  the  currents,  and  found  them 
never  to  exceed  a  mile  an  hour;  we  found  the  month  of  July 
infinitely  colder  than  Auguft  ;  the  thermometer  in  July  was 
once  28°,  and  very  commonly  30°  ;  whereas  itwasfcldom  as 
low  as  the  freezing  point  in  Auguft.” 

6(  I  am  of  opinion  (fays  Captain  Cook)  that  the  fun  con¬ 
tributes  very  little  towards  reducing  thefe  vafl  maffes  of  ice  ; 
for,  although  that  luminary  is  a  considerable  time  above  the 
horizon,  it  feldom  fliines  out  more  than  a  few  hours  at  a  time, 
and  often  is  not  feen  for  feveral  days  in  fucceflion.  It  is  the 
wind,  or  rather  the  waves  railed  by  thej  wind,  that  reduces 
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the  bulk  of  thefe'  enormous  maflfes,  by  grinding  one  piece 
againft  another,  and  by  undermining  and  waAhing  away 
thofe  parts  that  lie  expofed  to  the  furge  *  and  more  ice  may* 
be  deftroyed  in  one  ftormy  feafon  than  is  formed  in  feveral 
winters,  and  its  accumulation  thus  prevented. ” 

This  evidence  clearly  proves  that  the  fun’s  influence  at  the 
poles,  fo  far  from  being  equal  to  produce  a  conftant  and  uni¬ 
form  effebt,  creating  an  impulfe  extending  its  effebt  to  the 
remoteft  parts  of  our  globe,  and  a  daily  elevation  of  feveral 
feet  to  the  waters  of  the  ocean,  is  not  fufflcient  in  the  hotteii 
period  of  fummer  to  diffufe  a  fenfible  thaw  ;  and  thus  we  arc 
convinced  that  a  few  plain  and  Ample  fabts  are  of  much 
greater  avail  than  a  multitude  of  fanciful  conjebtures. 


NEW  PUBLICATION. 

A  'Manual  of  a  Courfe  of  Chemiflry  •  or ,  a  Series  of  Experi¬ 
ments  and  Illujlrations  neceffary  to  form  a  complete  Courfe 
of  that  Science .  By  J.  B.  Bouillon  Lagrange, 

Prof e for  in  the  Central  Schools  of  Paris ,  &?c.  Tranflated 
from  the  French,  with  17  Plates.  2  Vo  Is.  18  Shillings. 
Cuthel,  and  Vernor  and  Hood,  1800. 

WE  have  perufed  this  work  with  much  pleafure.  It  is 
comprehenflve,  though  concife;  and  the  manner  in  which 
the  author  treats  his  fubjebt  is  well  calculated  to  give  to  thofe 
who  wifli  to  ftudv  chemiflry,  not  only  a  knowledge  of  the 
theory,  but  alfo,  which  ought  to  be  the  chief  aim  of  every 
work  of  this  kind,  of  the  procefies  and  manipulations  as, 
applicable  to  the  arts  and  the  common  purpofes  of  life. 

The  apparatus  employed  in  modern  chemiflry  is  defcribedi 
with  confiderable  accuracy  and  clearnefs,  and  illuftrated  with 
appropriate  engravings;  but  in  the  original,  the  connebtion  and 
relation  of  all  the  parts,  though  very  correctly  given  in  out¬ 
line ,  are  not  fufiiciently  apparent  and  obvious,  efpecially  to 
tyros.  The  Englifli  publifhers  have  done  juftice  to  the  work, 
and  even  a  fervice  to  the  fcience  of  chemiflry,  by  having 
their  plates  properly  fhaded  and  highly  fmifhed.  It  is  enough 
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of  them  to  fay,  that  they  are  from  the  graver  of  Lownf, 
and  equal  in  merit  and  execution  to  thofe  given  in  the  Phi- 
lofophical  Magazine. 

The  tranflator,  who  has  not  given  his  name,  has  performed 
his  tafk  in  a  manner  creditable  to  himfelf.  He  has  fhown 
himfelf  fomething  more  than  a  mere  literary  drudge  :  he  has 
corredted  feveral  overfights  of  the  author,  or  rather,  perhaps, 
inaccuracies  of  the  French  printer,  which,  though  often  only 
a  tingle  letter  in  the  name  of  a  compound  body,  were  of  im¬ 
portance.  The  terminations  in  ates ,  and ' ties,  and  ats,  fo 
ufeful  in  the  modern  nomenclature,  have  this  inconvenience- — 
they  are  fo  nearly  fimilar,  that  printers,  not  chemifts,  will 
often  fubilitute  the  one  for  the  other.  We  fpeak  this  from 
experience,  and  we  may  be  allowed  to  take  this  opportunity 
of  recommending  to  chemical  authors  always  to  revife  after 
the  printer  before  their  fheets  are  put  to  prefs. 

A  fliort  appendix  has  been  added  by  the  tranflator,  con¬ 
taining  fome  ufeful  notes  and  notices  of  new  fadfs  dlfcovered 
flnce  the  original  work  was  publilhed  \  and  alfo  feveral  tables 
of  French  weights,  &c. 

We  (hall  here  give  a  few  extraHs,  which,  at  the  fame  time 
that  they  ferve  as  a  fpecimen  of  the  work  and  of  the  tranfla- 
tion,  will  furnifh  information  or  amufement  to  fome  of  our 
readers. 

Fluoric  Acid. 

For  our  knowledge  of  the  fluoric  acid  we  are  indebted  to 
Scheele. 

This  appellation  was  given  to  it  becaufe  it  is  extracted 
from  a  kind  of  earthy  neutral  fait,  known  under  the  name  of 
fparry  fuor,  ph  of  phone  mineral ,  jiuate  of  lime. 

As  the  fluoric  acid  difiolves  glafs,  it  is  neceflary,  when 
you  wiflr  to  have  it  pure,  to  employ  for  that  operation  veflels 
of  a  metal  on  which  neither  it  nor  the  fulphuric  acid  exerr 
cifes  any  ahtion  :  lead,  among  the  known  metals,  is  that 
which  is  beft  fitted  for  this  purpofe. 

There  are  two  methods  of  preparing  this  acid :  ift,  With 
a  metallic  apparatus  :  2d,  With  a  glafs  apparatus. 

iff.  To  obtain  the  fluoric  acid  alone,  and  free  from  every 
combination,  put  one  part  of  the  fluate  of  lime,  reduced  to 

powder. 


itfew  Publication.  tS’i; 

powder,  into  a  leaden  retort;  pour  over  it  three  parts  of  ful- 
jphuric  acid,  and  adapt  to  the  retort  a  leaden  receiver  half 
Full  of  water.  The  operation  is  performed  with  a  balneum 
in  arias  ;  and  for  this  purpofe  you  put  the  retort  into  a  cop¬ 
per  or  iron  veflfel  containing  water,  or  into  a  falt-bath ;  you 
then  expofe  the  apparatus  to  a  gentle  heat,  and  the  fluoric 
acid,  in  proportion  as  it  is  difengaged,  will  be  abforbed  by 
the  water  in  the  receiver. 

For  this  purpofe,  inftead  of  a  receiver,  you  adapt  to  the 
orifice  of  the  retort  a  bent  tube  of  lead,  the  extremity  of 
which  is  introduced  under  a  mercurial  pneumatic  apparatus. 

2d,  When  this  acid  is  made  by  means  of  a  glafs  appara¬ 
tus,  you  employ  a  retort,  having  adapted  to  it  a  tube  in¬ 
serted  in  a  bottle  containing;  difiilled  water. 

As  this  acid  has  the  property' of  diflolving  glafs,  it  feizes 
on  the  fllex,  which  appears  under  the  form  of  white  flakes.' 

Care  muft  be  taken  to  employ  large  tubes,  efpecially  when 
you  operate  with  glafs,  as  for  want  of  a  fufficient  paffage  the 
gafeous  acid  is  comprefled  in  the  retort,  and  its  action  on 
the  glafs  is  augmented,  fo  that  the  retort  will  be  foon  cor¬ 
roded  through. 

The  fllex  depoflts  itfelf  in  the  water,  becaufc  the  latter 
has  more  affinity  for  the  acid  than  the  acid  has  for  the  fllex. 

If  you  preferve  fome  of  this  gas  under  a  glafs  bell,  it  will 
dilTblve  the  fllex  of  the  glafs. 

If  you  plunge  into  it  an  extinguifhed  taper,  an  incrufta-? 
tion  will  be  formed  on  the  wick,  becaufe  the  water  which 
iflues  from  it  diflolves  the  furrounding  acid  charged  with 
fllex,  and  the  filiceous  earth  is  precipitated  upon  it  from  thi$ 
folution. 

This  gas  is  heavier  than  atmofpheric  air;  it  extinguifhes 
a  lighted  taper,  kills  animals,  reddens  blue  vegetable  co¬ 
lours,  and  has  a  penetrating  fmeli,  which  approaches  near 
to  that  of  muriatic  acid  gas. 

It  corrodes  the  fkin  :  it  undergoes  no  alteration  from  light. 

In  contact  with  the  air  it  emits  white  fumes.  If  you  ex¬ 
pofe  to  the  vapour  of  this  gas  in  an  earthen  vefiel  animals^ 
bits  of  fponge  a  little  moiftened,  charcoal,  & c.  the  moiffure 
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they  contain  will  diffolve  the  acid,  and  the  filex  will  be  prc. 
cipitated  upon  them. 

If  this  experiment  be  made  in  a  metal  veffel,  the  fame  in- 
cruftation  will  not  take  place, 

It  thence  reful  ts  that  the  earthy  fuhftance  which  is  pre-? 
cipitated,  by  the  contact  of  the  fluoric  acid  gas  and  the  water, 
js  nothing  elfe  than  a  portion  of  the  glafs,  which  is  attacked 
and  a&ually  diffolved  by  the  aeriform  acid. 

It  often  happens  alio,  that  when  this  gas  is  made  to  pafs 
into  water,  the  filex  is  precipitated  in  a  quartzy  pellicle, 
tiacn  bubble  of  the  acid  which  touches  the  water  is  ini  me?- 
diately  enveloped  in  filex,  and  leaves  on  its  way  as  it  afcends 
to  the  furface  of  the  water,  traces  in  the  form  of  tubes, 
which  Priefiley  calls  organ-pipes ,  and  which  decreafe  to  a 
point  upwards,  becaufe  the  bubble  decreafes  in  proportion  as 
the  water  diffolves  it,  arjd  the  filex  is  thus  carried  off. 

The  filex  depofited  in  the  veffels  is  foon  after  re-diffolved 
by  the  excefs  of  acid,  in  proportion  as  the  water  is  faturated  ; 
for  the  water,  being  at  firft  little  faturated  with  the  acid,  has 
not  fufficient  ftrength  to  hold  the  filex  in  folution. 

Bergman  obtained  fiuate  of  filex  in  a  cryftallized  form. 

When  the  fluoric  acid  is  made  in  earthen  veffels,  you  will 
have  filex  depofited,  and  then  re-diffolved  by  the  re-  a&ion 
of  the  acid  :  this  is  a  real  fiuate  of  filex  inftead  of  pure  flu¬ 
oric  acid. 

Alkalies  may  be  employed  for  dete&ing  thy  prefence  of  the 
filex.  1  he  tafte  of  this  acid,  diffolved  in  water,  is  like  that 
of  the  fulphuric  acid  diluted  with  water,  or  of  vinegar. 

If  a  folution  of  fluoric  acid  in  water  be  expofed  to  heat 
part  of  the  acid  is  volatilized;  but  the  laft  moleculre  adhere 
fo  ftrongly,  that  the  water  and  the  reft  of  the  acid  are  vo¬ 
latilized,  if  the  heat  be  increafed. 

This  acid  is  preferved  in  bottles  covered  on  the  infide  with 
wax  diffolved  in  oil,  or  in  veffels  of  lead  or  of  platina. 

Guyton  employed  this  property  to  engrave  labels  on  bot¬ 
tles,  and  in  particular  on  thofe  deftined  to  hold  acids,  the 
labels  of  which  when  made  of  paper  are  always  burnt. 

The  elements  of  this  acid  are  fiill  entirely  unknown, 

[To  be  continued.] 
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Miscellaneous  articles. 


Learned  societies * 

ROYAL  SOCIETY  OF  LONDON. 

Fyr 

JL  HE  fittings  of  the  17th  November,  the  nth  and  i8tb 
December,  were  occupied  in  reading  an  interefting  paper  on 
the  mechanifm  of  the  eye,  by  Dr.  Yoitngi 

vSt.  Andrew’s  day  falling  on  a  Sunday,  the  anniverfar^ 
imeeting  was  held  on  the  ift  of  December.  The  auditor’® 
report  on  the  ftate  of  the  finances  of  the  Society  was  read. 
The  names  of  the  new  members,  thofe  deceafed,  and  thofa 
withdrawn,  were  declared  ;  and  the  names  of  the  officers  juft 
eledted  were  announced.  The  Right  Hon.  Prefident  then 
addrelfed  the  Society,  congratulating  them  on  the  progrefg 
of  fcience  in  the  laft  year,  and  concluded  by  informing 
them  that  Sir  Godfrey  Copley’s  medal  was  adjudged  to 
Mr.  H.  Howard  for  his  paper  On  fulminating  mercury.  Sit 
Jofeph  Banks  then  informed  the  Society  that  Mr.  Howard 
had  alfo  difcovered  a  new  fulminating  filver,  and  is  now  en¬ 
gaged  on  a  fubjedt  that  promifes  to  prove  highly  interefting 
to  meteorologifts  and  mineralogifts,  namely,  the  analyfis  of 
hones  that  have  fallen  from  the  clouds. 

SOCIETY  FOR  THE  ENCOURAGEMENT  OF  ARTS, 
MANUFACTURES,  AND  COMMERCE. 

This  Society,  which  has  rendered  much  fervice  to  the 
arts  by  its  numerous  premiums,  that  its  efforts  may,  if  pof* 
fible,  be  rendered  ff  ill  more  generally  ufeful,  has  juft  circu¬ 
lated  the  following  notice : 
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Adelphi,  Dec. 

premiums  by  the  Society  for  the  Kncmragement  of  Arts * 
Manufactures,  and  Commerce, 

The  time  of  propofing  and  publifhing  the  premiums  to  b • 
given  by  this  Society  for  the  enfuing  year  now  approaching, 
the  patrons  of  the  arts,  and  all  ingenious  men,  are  hereby 
invited  to  fuggeft  new  obje&s,  to  which  the  Society  may 
extend  its  liberality. 

Communications  are  requeued  to  be  made  in  writing,  and 
addrefied  to  the  Society’s  fecretary,  at  their  houfe  in  the 
Adelphi,  on  or  before  the  ift  of  February  i 801. 

N.  B.  The  1 8th  volume  of  the  T  ran  fa  ions  of  this  Society 
^3  now  in  the  prefs,  and  will  fpeedily  be  publifhed. 

By  order,  CHARLES  TAYLOR,  Set>, 

/ 

BOARD  OP  AGRICULTURE. 

This  Board  has  juft  publifhed  the  following  lift  of  pre> 
Bttiums : 

This  Board  having  been  required,  by  a  committee  of  tbft 
Houfe  of  Lords,  6  to  examine  into,  and  report  to  their  lord* 
<fhips,  the  belt  means  of  converting  certain  portions  of  grafs 
‘land  into  tillage,  without  exhaufting  the  foil,  and  of  return¬ 
ing  the  fame  to  grafs,  after  a  certain  period,  in  an  improved 
'iLue,  or  at  leaft  without  injury and  being  defirous  that  theifc 
information,  on  a  fubje6t  of  fo  great  importance,  fhould  b$ 
complete,  adapted  to  every  fort  of  foil,  and  founded  on  tb£ 
010ft  ample  experience,  have  come  to  the  refolution  of  offers 
iilg  the  following  premiums  for  that  purpofe,  viz. 

To  the  perfon  who  (hall  produce,  on  or  before  the  Hr  ft  da^ 
of  Fcbruarv  i8or,  the  beft  and  moft  fatisfa&ory  efiay  on  th$ 
Cubjebt  before  mentioned,  diftinguiihing,  refpedtively,  what 
fpart  of  the  plan  recommended,  or  of  the  details  given,  is  the 
Cefult  of  a&ual  experiment,  accurate  obfervation,  or  well 
authenticated  information,  200/.  For  the  fecond  beft,  100  (, 
Cot  the  third  beft,  60/.  For  the  fourth  beft,  40/. 

And  to  fuch  perfons  who  may  communicate  information, 
which,  though  ufeful,  may  be  confidered  of  lefs  importance, 
fm  aider  rewards*  proportioned  to  the  opinion  .of  the  Board. 


Board  of  AgAcnhure, 

*  v 

It  is  required  that  each  effay  (hall  fully  detail  the  courfa 
i®f  crops,  regard  being  had  to  the  varieties  of  foil,  and  the 
time  propofed  for  continuing  the  land  under  tillage. 

Alfo,  to  explain  the  cafes  in  which  it  may  be  eligible  to 
yd  rain  land  previous  to  tillage. 

In  what  cafes  paring  and  burning  are  advantageous,  with  di¬ 
rections  thereon,  regard  being  had  to  the  fubfequent  cropping. 

The  depth  to  which  grafs  lands  fhould,  at  fir  ft  breaking 
up,  be  ploughed. 

Whether  the  crops  intended  for  cattle  and  fheep  are  to  be 
Ted  on  the  land,  and  by  which  kind  of  flock,  or  carted  off. 

To  (late  the  crop  with  which  the  grafs  feeds  in  each  cafe 

ought  to  be  Town,  when  the  land  (hall  be  again  laid  down  : _ 

The  forts  and  quantities  of  grafs  feeds  for  each  kind  of  foil, 
and  whether  to  be  provided  by  landlord  or  tenant : _ Whe¬ 

ther  it  be  beft  to  mow  or  feed  the  grafs  in  the  firfl  year  after, 
laying  down;  to  detail  the  management  in  each  cafe:— -The 
manuring  which  may  be  thought  neceffary : — The  principle 
on  which  an  increafe  of  rent  ought  to  be  efiimated,  where 
permiffion  may  be  given  to  break  up  old  paffure  now  under 
leafe. 

The  Board  requires  that  thefe  objeds  fhould  be  particularly 
attended  to,  with  relation  to  the  leading  qualities  of  land,  viz, 

- — Clay,  in  all  its  diftindtions ;  aod  foils  too  ilrong  or  wet  for 
turnips  : — Loam,  in  all  its  diftin&ions,  fit  for  turnips  : — Sand, 
including  warrens  and  heaths,  as  well  as  rich  fands : —  Chalk 
land  and  downs; — Peat,  including moory,  fedgy,  rough  bot¬ 
toms,  and  fens. 

It  is  hoped  that  no  perfon  will  be  deterred  from  commu¬ 
nicating  his  knowledge  to  the  Board  on  account  of  his  expe-^ 
rience  bejng  confined  to  one  of  thefe  foils  only. 

The.  Board  referves  the  power  of  withholding  any  premium, 
in  the  cafe  of  no  effay  being  deemed  fufficiently  important 
to  merit  it. 

The  effays  which  fha!l  obtain  any  premium,  or  other  re¬ 
ward,  to  remain  the  property  of  the  Board. 

Each  effay  to  be  fent  (fealed)  without  any  name,  but  with 
.a  mark  or  motto ;  and  accompanied  by  a  fealed  letter  with 
the  fame  mark  or  motto,  containing  the  name  and  addrefs  of 
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the  author;  anti  this  letter  will  not  be  opened,  linlefs  dne  of 
the  prizes,  or  fome  other  reward,  fhall  be  adjudged  to  him. 

All  communications  to  be  add  felled  to  Lord  Carrington^ 
jrrefident,  Sackvil]e-ftreet. 

FRENCH  NATIONAL  INSTITUTE. 

The  following  account  of  the  labours  of  the  Phyfical  anc? 
Mathematical  Clafs  during  the  laft  three  months  of  the 
year  8  was  read  by  C.  Delambre. 

C.  Meiffier  has  given  a  curious  coiliparifon  of  the  ftimmef 
of  the  year  1800  and  that  of  the  year  1792.  It  refults  front 
his  obfervations,  that  if  the  duration  of  the  heat  was  nearly 
the  fame  at  each  of  thefe  periods,  it  is  certain  that  in  thef 
year  1793  the  thermometer  kept,  pretty  cdnftantly,  two  de¬ 
grees  and  a  half  higher  than  in  the  year  1800;  but  whaf 
renders  the  jaft  fummer  more  remarkable  is,  the  extraor- 
din  arv  lownefs  of  the  water  of  the  Seine. 

J 

In  the  year  1792,  the  water,  for  two  months  and  a  half/ 
kept,  pretty  conftantly,  at  about  an  inch  above  zero'  of  the 
fcale  on  the  bridge  de  la  Tourhelle.  During  four  days  only* 
it  funk  fo  low  as  zero.  On  the  nth  of  Auguft  laft  it  was 
fftill  lower  by  4*9  inches.  On  the  20th  of  Auguft  it  was 
even  7*65  inches  below  zero.  It  appears,  then,  that  in  the 
year  1800,  thp  deprellion  of  the  water  of  the  Seine  was  foine- 
thing  more  than  fix  inches  greater  than,  it  was  in  1792. 

The  year  1719  was  remarkable  alfo  for  a  long  drought  ami 
deprellion  of  the  river.  During  the  whole  of  that  year  there 
fell  no  more  than  nine  inches  four  lines  of  water  at  the  ob- 
fervatorv  of  Paris,  which  is  not  the  half  of  the  ufual  quan¬ 
tity.  The  deprellion  of  the  water  appeared  then  fo  extraor¬ 
dinary,  that,  to  preferve  the  remembrance  of  it,  the  fcale  of 
the  bridge  La  Tournelle  was  conftru61ed.  This  precaution, 
however,  did  not  prevent  us  from  having  325  millimetres  of 
uncertainty  in  regard  to  the  level  of  the  Seine  at  that  period. 
According  to  Parcieux,  the  depreffion  of  the  water  in  1719 
was  indicated  by  the  zero  of  the  fcale.  According  to  Biiache, 
it  correfponded  to  the  firft  foot  of  that  fcale.  Meiffier  is  in¬ 
clined  to  adopt  the  latter  indication.  But  however  this  may 
be,  it  is  certain  that  in  the  year  1800  the  river  fell  lower 
q  thm 
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than  at  any  period  ever  remembered.  According  as  we  follow 
the  one  or  the  other  of  the  two  authors  above  mentioned,  the 
difference  will  be  16  or  48. 

C.  Mei flier  read  alfo  a  note  on  the  eclipfe  of  the  moonr 
which  took  place  on  the  fird  of  O&ober  lad.  The  clouds* 
prevented  him  from  obferving  the  commencement  of  it., 
Towards  the  middle  the  moon  appeared  at  certain  intervals; 
and  he  took  advantage  of  t-hefe  moments  to  meafure  twelve 
times  the  part  eclipfecb  At  it  h.  21  "the  eclipfe, Teemed  to 
be  at  an  end  :  it  was  more  certainly  fo  at  11  h.  o'  40A  Ac¬ 
cording  to  the  obferva lions  of  C.  Delambre,  the  end  took, 
place  about  11  b.  o'  30";  which  agrees  pretty  will  with  what 
might  have  been  expected. 

C.  Prony  read  a  memoir  containing  a  defcription  and  the 
analytical  theory  of  a  new  in  d  rumen  t,  proper  for  meafuring 
the  length  of  a  pendulum  that  fwings  feconds.  It  is  well 
known,  that  the  uiual  method  requires  the  niceft  attention, 
not  only  in  regard  to  the  form  of  the  body  made  to  ofcillate, 
but  alfo  that  the  ofciilations  may  not  he  prolonged  beyond 
two  hours  at  mod,  and  that  the  refults  deduced  from  them 
may  be  al  ways  fuhordinate  to  the  regularity  of  the  time-piece 
which  ferves  for  comparifon  ;  and  in  the  lad  place,  the  ne- 
ceffity  of  fitting  up,  and  taking  to  pieces  the  apparatus*  may 
leave  fome  doubts  refpe&ing  the  identity  of  the  experiments 
made  at  different  tiroes,  and  in  different  places.  All  thefe 
inconveniences  C.  Prony  proposes  to  remedy.  His  new  inftru- 
ment  fuperfedes  the  neceffity  of  paying  attention  to  the  form 
of  the  ofcillatjng  body  ;  the  mats  of  it  is  too  eondderable  for 
the  ofciilations  to  continue  during  the  whole 'time  that 
elapfes  between  two  confecutive  paffages  of  a  dar  over  the 
fame  vertical,  fo  that  the  time-piece. of  companion  Is  of  no 
further  uf’e  than  to  count  with  more  facility  the  ofciilations 
of  the 'pendulum  ufed  for  the  experiment. 

The  theory  of  C.  Prony  appears  to  be  clear  and  fatisfac- 
tory,  and  he  foon  intends  to  fubjedl  his  new  p’endulum  to  a 
trial.  The  ingenious  method  by  which  Borda  found  means 
fo  correcff  or  obviate  the  inconveniences  of  the  common 
method  are  not  yet  forgotten.  His  determination  of  the 
length  of  the  pendulum  received  the  approbation  of  all 

learned 
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learned  men*  afifembled  at  Paris,  for  fixing  the  fiew  meafure^ 
If  it  be  difficult  to  attain  to  greater  precifron,  it  will  at  leaffi 
be  interefting  to  fee  how  far  the  refnlts  obtained  are  confirmed 
by  a  method  abfolutely  different. 

C.  Flaugerges  read  feveral  memoirs,  containing  obfer- 
nations  on  various  fubj efts' ;  as,  on  the  phofphorefcence  of 
earth  worms  ;  on  the  effects  of  thunder  ;  on  halos,  or  lumi¬ 
nous  rings  around  the  fun;  experiments  tending  to  prove* 
that  the  ihadows  of  opake  bod’es,  expofed  in  the  open  fields 
fo  the  light  of  the  fun,  when  the  fky  is  ferene,  and  projected 
on  a  white  furface,  are  always  blue,  or,  more  correctly,  of 
the  colour  of  the  heavens  :  and,  in  the  lalt  place,  experiments 
from  which  it  refults,  that  the  waves,  produced  at  the  furface 
of  the  water  by  percuffion,  do  not  produce  a  movement  of 
inundation  in  the  parts  of  the  fluid,  as  has  been  believed,  ac¬ 
cording  to  Newton,  but  only  a  continued  depreffion  of  intti- 
mefcence,  which  is  afterwards  propagated  circularly. 

C.  Briffon  has  publilhed  Phyfical  Principles  of  Chemiflrv, 
deftined  as  a  fupplement  to  his  Principles  of  Natural  Philo- 
fophy.  The  author  compofed  this  work  chiefly  for  the  ufe 
of  the  ftudents  in  the  central  fchools.  It  contains,  in  a  clear 
and  methodical  order,  an  account  of  all  the  fubflances 
which  fall  within  the  province  of  chemiftry,  an  analyfis  of 
them,  their  fpecijic  gravities  and  other  moil  remakable  pro¬ 
perties,  with  a  defeription  of  the  principal  kinds  of  apparatus 
employed  for  chemical  experiments*. 

C.  Lacroix  has  publilhed  his  Treatife  of  Differences  and 
Series,  forming  a  continuation  of  his  Treatife  on  the  Differ¬ 
ential  and  Integral  Calculus.  This  important  wodk  com¬ 
prehends  in  one  fyftem  the  methods  fc altered  throughout  dif¬ 
ferent  academical  collections,  and  in  the  works  of  the  greateft 
geometricians  of  modern  times.  The  fame  author  ha$ 
publilhed  a  fecond  edition  of  his  Treatife  of  Trigonometry, 
and  the  application  of  Algebra  to  Geometry.’ 

C.  Arboguft  has  juft  publilhed  a  large  work,  entitled  Tire 
Calculus  of  Derivations.  The  author  gives  the  name  of  de- 

O 

rivations  to  quantities  deduced  from  each  other  by  an  uniform 

*  We  are  happy  to  learn  that  a  tranflation  of  this  very  ufeful  wotk  is 
jsow  in  the  profs,  and  will  loon,  be  publilhed. 


proeefl 
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procefs,  which  has  a  great  refemblance  to  that  ufed  for  finding 
the  differentials  of  all  the  orders. 

This  procefs  he  applies  to  different  polynomous  quantities ; 
he  teaches  the  method  of  finding  the  derivations  in  their 
greateft  fimplicity,  and  of  forming  them  almoft  without  any 
other  trouble  than  that  of  writing  them.  Each  term  of  the 
refolution  may  be  obtained  directly,  and  without  being 
obliged  to  pals  through  the  intermediate  ones. 

This  new  calculus  may  be  applied  to  fimple  and  double 
recurring  feries,  and  to  the  general  recurrence  of  feries.  It 
will  ferve  often  alfo  to  give  more  generality  to  known  the¬ 
orems,  more  vigour  and  brevity  to  demonftrations ;  in  a 
word,  it  is  of  the  greateft  utility  in  the  differential  and 
integral  calculus,  which  indeed  forms  only  a  peculiar  cafe  of 
the  calculus  of  derivations. 

The  foreign  members  of  the  commiffion  of  weights  .and 
meafures  continue  their  information  refpedting  the  intereft 
with  which  their  different  governments  receive  the  models 
of  the  metre  and  chiliogramme.  M.  Bugge,  director  of  the 
obfervatory  and  of  the  board  of  longitude  at  Copenhagen, 
informs  us  that  thefe  two  models  have  been  committed  to  his 
care.  C.  Tralles,  the  deputy  from  Helvetia,  and  the  mi- 
nifter  of  arts  and  fciences  for  that  republic,  gives  reafon 
to  hope  that  the  metric  fyftem  will  be  adopted  in  that  coun¬ 
try.  All  thefe  letters  have  been  printed.  We  muff;  not  here 
omit  a  circumftance  which  adds  to  our  hopes  in  regard  to 
Helvetia;  which  is,  that,  by  a  fortunate  chance,  there  exifts 
a  very  fimple  and  remarkable  relation  between  the  metre 
and  the  Zurich  foot,  one  of  the  rnoft  ufual  meafures  ir> 
S wider! and.  This  foot  is  exactly  equal  to  three  decimetres, 
or  at  lead;  it  does  not  exceed  it  but  by  two  centi-millimetres, 
that  is  to  fay,  by  a  little  lefs  than  the  hundredth  part  of  a 
line — a  quantity  that  may  be  negledled  in  commerce,  and 
which  is  often  inappreciable  even  in  the  niceft  operations  of 
the  phyfical  fciences. 
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MISCELLANEOUS  ARTICLES . 

NATURAL  HISTORY. 

C.  Guerfant,  profeflor  of  natural  hiftory  at  Rouen,  tranf- 
mitted  lately  to  C.  Cuvier,  for  the  purpofe  of  examination,  a 
quantity  of  hones  found  in  the  rocks  in  the  environs  of* 
Honfleur,  by  the  late  Abbe  Bachelet,  and  which  belonged 
to  the  cabinet  of  the  central  fchool  of  Rouen.  C.  Cuvier 
has  difeovered  among  thefe  bones  thofe  of  a  kind  of  croco¬ 
dile,  hitherto  unknown,  and  very  different  from  the  foffil 
unimal  of  Maeftrieht,  which  feme  conftder  as  a  crocodile 
alfo.  The  j  aw-bones  of  this  crocodile  of  Honfleur  refemble  in 
their  prolongation  thofe  of  the  eavial,  only  the  teeth  are  not 
fo  equal,  and  the  futures  of  the  bones  are  differently  figured. 
The  moft  ftriking  difference  is  in  the  vertebrae  ;  thofe  of  all 
the  known  crocodiles  have  the  anterior  face  of  their  body 
concave,  and  the  pofterior  convex ;  in  that  of  Honfleur  it  is 
prccifely  the  contrary.  The  spophyfes  of  thefe  vertebrae  are 
alfo  more  complex  than  in  the  ordinary  crocodiles. 

This  animal  appears  to  be  about  18  feet  in  length  ;  its 
hones  are  petrified,  and  ftrike  fire  with  fteel.  Their  hollow 
parts  are  filled  with  pyrites.  Thev  were  found  in  a  marlev 
kind  of  ftone,  very  hard,  of  a  grayifh  colour,  and  from  which 
they  could  not  be  difengaged  without  difficulty.  Befides  the 
bones  of  this  crocodile,  C.  Cuvier  has  found  others  which 
feem  to  arife  from  finall  animals  of  the  cetaceous  kind, 

MEDICINE, 

The  following  account  of  a  verv  Angular  difeafe  which 

O  J  O 

attacks  men  and  animals  in  the  province  of  Chiaeas,  in  the 
government  of  Potofi,  is  extracted  from  the  journal  of  Lima: 
iC  The  malady,  which  Dr.  Como  Rueno  calls  juriofa  locura , 
js  one  of  the  moft  remarkable  fa<fts  in  the  hiftory  of  this 

j 

province.  It  is  chiefly  in  the  village  of  Tutari  that  if  at¬ 
tacks  men  and  animals,  but  among  the  latter  thofe  (fiich  as 
the  ox,  horfe,  {beep,  &c.)  which  have  been  brought  from 
Tdurope ;  for  the  vigogne,  the  guanaco,  and  other  quadrupeds 
of  the  country,  are  not  expofed  to  it,  No  force  can  reftrain 

4  *  a  perfoa 


Cure  for  the  Stone . — Chemijlry .  291 

%  pcrfon  attacked  by  this  difeafe,  during  the  firft  fits  of 
phrenfv.  -  Being  totally  a  ftranger  to  fentiments  of  fhame,  he 
efcapes  from  bed,  and  runs  with  violence  to  the  mountains. 
He  flies  from  precipice  to  precipice,  and  at  laft  throws  him- 
felf  from  the  firft  fteep  rock  he  finds  in  his  way.  In  general 
the  unfortunate  wretch  is  dafhed  to  pieces ;  but  if,  by  fome 
uncommon  chance,  the  bill  does  not  prove  mortal,  he  foon 
recovers  his  reafon  and  health,  and  has  nothing  more  to  fear 
from  a  return  of  this  fatal  malady.  I  fhall  not  attempt,  fays 
the  author,  to  inquire  whether  the  mineral  effluvia  which 
rife  from  the  bofom  of  the  earth  in  a  country  expofed  to  vol¬ 
canic  convulfions,  may  not  have  as  great  a  fliare  in  this 
phenomenon  as  the  conftitution  of  the  inhabitants ;  but 
what  is  certain  is,  that  it  often  makes  its  appearance  in  the 
province.  This  fadl,  adds  he,  has  fo  much  analogy  with 
what  we  read  in  Ovid’s  Metamorphofes  refpeftting  the  leap 
of  Leucade,  that  the  one  would  feem  to  have  ferved  as  the 
original  of  the  other.  Who  knows,  fays  he,  whether  the 
antient  fable  may  not  have  originated  from  fome  malady 
fimilar  to  the  above  ? 

A  furgeon  of  Madrid  has  been  able  to  diffolve  camphor  in 
water  by  means  of  the  carbonic  acid.  This  camphorated 
folution,  injected  into  the  urethra  of  perfons  afflicted  with 
the  ftone,  allays  the  pain  almoft:  inflantaneoufly. 

CHEMISTRY-. 

Mr,  Hahneman,  of  Altona,  has  difeovered  a  new  fixed  al¬ 
kali,  which  he  calls  pneum,  becaufe,  when  heated  to  rednefs, 
its  volume  is  extended  to  twenty  times  its  ufual  fize.  It  cryf- 
tallifes  in  large  prifmatic  hexaedral  cryftals  terminated  by 
two  inclined  faces,  one  of  which  appears  to  be  triedral,  and 
the  other  pentaedral.  Thefe  cryftals  neither  run  per  deli - 
quium  nor  efflorefce;  but  when  pulvenled  they  /diffolve  at 
300°  of  Fahrenheit  in  half  their  weight  of  water,  and  melt 
almoft  in  their  water  of  cryftallifation.  At  65°  of  the  fame 
thermometer,  140  parts  require  for  their  folution  about  500 
parts  of  water.  By  cold  they  feparate  from  the  water,  d  hey 
do  not  diflolve  in  alcohol.  This  alkali  produces  but  little 

effervefcence  with  concentrated  acids.  With  vitriolic  acid  it 

forms 


Meteorology 

forms  a  fait  riot  foluble  in  alcohol,  and  with  difficulty  in 
water.  The  neutral  falts  formed  with  this  alkali,  and  the 
nitrous,  muriatic,  and  phofphoric  acids,  and  thofe  in  parti¬ 
cular  formed  with  the  acetous  acid,  diffolve  with  eafe  not 
only  in  water  but  in  alcohol.  Its  muriate  cryftallifes  in  the 
form  of  feathers  :  its  phofphate  has  a  bitter  tafte.  All  thefe 
falts,  except  thofe  formed  by  the  phofphoric  acid,  part  with 
their  acids  by  heat,  and  the  alkali  remains  pure  :  the  fulphate 
requires  for  that  purpofe  a  red  heat ;  the  nitrate  only  300°  of 
Fahrenheit :  it  does  not  detonate  on  ignited  coals ;  nor  does 
it  decrepitate,  or  become  luminous,  when  thrown  on  them. 

It  is  difficult  tofaturate  this  alkali  with  carbonic  acid,  as  it 
lets  it  efcape  in  the  ufual  temperature  of  the  atmofphere : 
when  faturated  with  it,  it  afliimes  the  form  of  a  light  earthy 
fait. 

This  alkali  exercifes  an  a&ion  on  vegetable  colours.  It 

precipitates  metals  and  earths  from  their  folutions  in  acids, 

and  in  the  fame  manner  as  the  other  alkalies.  It  produces  no 

change  on  mercurius  dulcis ,  but  it  gives  to  corrofive  fublimate 

the  colour  of  carmine.  It  precipitates  the  nitrate  of  mercury 

black.  When  combined  with'  oils,  it  forms  a  foap  which 

diffolves-in  alcohol.  Lime,  precipitated  by  it  from  muriate 

of  lime,  is  foluble  in  diftilled  water.  It  does  not  decompofq 

muriate  of  ammonia  but  at  a  heat  of  ioo°  of  Fahrenheit. 

% 

METEOROLOGY. 

During  the  violent  llorm  on  Sunday  the  9th  of  November 
laft,  the  mercury  in  a  barometer  at  Walthamftow,  Effiex, 
was  very  vifibly  agitated  ;  the  vibrations  up  and  down  were 
perhaps  about  four  hundredth  parts  of  an  inch.  This  vibra¬ 
tion  was  obferved  by  feveral  perfons,  arid  wras  feen  at  different 
periods  of  the  day,  during  which  the  mercury  rofe  very  con¬ 
siderably. 

The  fame  circumftance  was  obferved  in  other  places. 
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L  An  Effay  to  illiterate  the  Principles  of  Compofition  a§ 
connected  with  Eandfcape  Painting ,  By  Mr.  Edwar® 

Dayrs, 

To  the  Editor  of  the  Philofophical  Magazine . 

As  Lcpe  i,  „  prefent  ,  «, 

jpurfuit,  the  following  effay  on  compofition  may  not  prove 
unacceptable  to  fome  of  your  numerous  readers;  and  fhould 
fuch  further  obfervations  on  the  arts  as  I  may  have  leifure  to 
offer,  be  deemed  of  importance  enough  to  find  a  place  in 
your  valuable  Magazine,  they  fliall  be  at  your  fervice* 

I  am,  with  much  refpecf. 

Sir, 

Your  obliged  humble  Servant, 
EDWARD  DA  YES, 

_ — - - O  !  attend, 

Whoe’er  thou  art  whom  thole  delights  can  touch, 

Whole  candid  bofom  the  repining  love 
Of  Nature  warms, 

And  I  will  guide  thee  to  her  favYite  walks. 

And  teach  thy  lolitude  htr-voice  to  hear, 

And  point  her  lovelieft  features  to  thy  Yiew.  Aken'SIDE. 

General  Obfervations. 

IT  will  be  found  on  inquiry,  that  the  principles  that  govern 
one  part  of  the  arts  extend  to  every  other,  whether  the  fub- 
Yol.  VIII.  Qji  jecf 
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ject  be  landfcape  or  hidory :  this  much  it  may  be  neceflanp 
to  premife,  as  it  indicates  the  dependence  of  one  part  on  an¬ 
other  as  to  the  forming  a  whole.  By  an  inquiry  into  the 
obstructions  to  the  obtaining  a  knowledge  of  this  elegant  and 
pleating  part  of  the  arts,  we  {hall  find  it  arife  (as  in  moft 
other  cafes)  from  want  of  knowing  what  plan  to  purfue, 
and  often  from  improper  indruCtions ;  much  of  our  fucceis 
depending  on  being  once  in  a  right  road.  - 

Many  are  taught  to  believe  that  by  copying  parts  they 
will  be  able  to  form  a  whole  ;  and  this  error  is,  in  fome  mea- 
fure,  encouraged  by  many  of  our  publications.  Few  things 
are  likely  to  prove  fo  injurious  as  purfuing  petty  plans ;  to 
dare  much  is  the  character  of  genius ;  and,  if  we  muft  fall* 
let  us,  at  any  rate,  fall  like  Phaeton. 

The  means  moil  likely  to  enable  us  to  acquire  a  knowledge 
jn  the  arts  is,  fird  to  ftudy  pictures,  and  then  refort  to  Na¬ 
ture;  remembering  to  add  to  the  flock  we  may  colleCt  from 
the.  wifdom  of  others,  fuch  original  matter  as  may  refult  from 
our  own  diligence.  But  though  copying  pictures  may  be 
neceffary,  very  little  knowledge  will  be  obtained  by  it,  other 
than  what  depends  on  the  mechanical  parts  of  the  art.  Fie 
will  at  all  times  copy  bed,  who  paints  bed ;  nor  can  we 
hope  ever  to  become  great  by  merely  imitating  another:  by 
fuch  a  practice  we  may  learn  how  to  mix  colours,  but  that 
is  very  different  from  a  knowledge  of  colouring.  It  is  true, 
we  mud  reafon  from  caufe  to  effect ;  but  that  is  a  mode  of 
inquiry  feldom  purfued  by  the  mere  copyid. 

Compofition  embraces  two  confiderations  :  fird,  as  it  re- 
fpeCts  alterations  which  may  take  place  in  a  view,  and  which 
is  by  the  artid  termed  compofing  it;  and,  fecondly,  as  it  ap¬ 
plies  to  works  of  fancy  purely.  But  as  the  principles  of  one 
regulate  the  other,  all  that  will  be  neceffary  is  briefly  to 
Hate  that  no  licenfe  fhould  be  taken  with  the  view  fo  as  to 
a  deed  the  treneral  features  :  diverfifvino-  maffes  of  earth,  agree- 
ably  breaking  the  foreground,  or  the  accidental  introduction 
or  omiflion  of  any  inferior  object,  is  allowable.  The  forms 
of  mountains,  fhould  they  appear  difagreeable,  may  be  thrown 
in  dpide,  or  involved  in  clouds,  in  part,  to  conceal  them  ; 
and  the  fliadows  may  be  artfully  introduced  to  produce  an 

agreeable 
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Sgr^ably-fhaped  mafs  of  light,  though  the  objects  themfelves 
are  unpleafarit. 

Though  we  may  be  thus  confined  in  treating  a  view,  there 
will  be  ample  latitude  for  the  difplay  of  our  tafte  in  the  form¬ 
ation  of  thh  clouds,  trees,  light,  and  (hade,  and  in  the  dif- 
pofition  of  the  animated  objects.  One  thing  highly  necef- 
fary  in  the  introdudlion  of  figures  is,  that  they  enter  into  and 
make  part  of  the  feene;  and  not  come  in  as  mere  accompa¬ 
niments,  or  as  having  no  connection  with  the  reft  of  the 
piClure.  This  error  is  daily  praCtifed,  and  argues  a  moft 
futile  imagination.  A  man  and  woman  talking,  a  folitary 
failor  with  a  bundle  at  his  back,  or  miferable  fifherman,  with 
now  and  then  a  cow  or  two  to  keep  each  other  in  counte¬ 
nance,  form  the  utmoft  ftretch  of  fome  people’s  fancy.  By 
a  little  reflection  we  fhall  avoid  fuch  abfurdities,  and  be  en¬ 
abled  to  introduce  our  little  group  with  fitnefs.  As  all  ranks 
df  perfons  inhabit  the  country,  it  admits  of  the  utmoft  di- 
verfity  in  the  figures  ;  any  degree  of  elevation  or  delicacy- 
may  be  given,  if  accompanied  by  an  appropriate  employ,  ff 
the  fubjeCt  is  paftoral,  though  the  figures  need  not  be  Arca¬ 
dian,  the  low  and  vulgar  fhould  be  carefully  avoided  :  it  is 
our  duty  to'  raife,  not  deprefs,  the  human  fpecies  :  though  our 
purfuits  are  humble,  they  need  not  be  mean. 

One  thing  neceflary  to  the  acquirement  of  excellence  in 
this  (or,  indeed,  any  other  branch  of  ftudy]  is,  to  think  it 
an  objeCt  of  fufficient  confequence  to  deferve  all  our  atten¬ 
tion  :  this  will  prevent  our  falling  into  a  carelefs  habit,  and, 
cif  courfei  201  no-  from  bad  to  worfe.  Lord  ChefterfieldL 
obfervation  fhould  never  be  loft  fight  of — u  What  is  worth 
doinox  is  worth  doing  well.”  To  think  meanly  of  the  arts,  is 
to  want  the  means  to  become  excellent.  Let  us  guard  againft 
a  common  terror,  that  genius  cannot  exift  unconnected  with 
diflipation :  the  faCt  is,  the  moft  renowned  artifts  have  been 
the  moft  temperate.  Intemperance  and  ftudy  cannot  exift 
in  the  fame  mind,  or  at  leaft  in  fuch  a  degree  as  to  produce 
any  fenfible  advantage.  He  who  begins  his  career  of  life  in 
the  gratification  of  his  corporeal  pleafures,  will  in  time  find 
me  memory  of  ail  other  delights  deadened,  and  ultimately 

Q^q %  fi»k 
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iirik  into  a  torpor,  from  which  it  will  be  impoffible  to  roufe 
himfejf. 

When  this  the  watchful  wicked  wizard  faw, 

With  fudden  fpring  he  leaped  on  them  ftraightj 
And’ foon  as  touch’d  by  his  unhallow’d  paw, 

They  found  themfelves  within  the  curbed  gate, 

Full  hard  to  he  repabs’d,  like  that  of  Fate.  Thomson, 

‘The  figures  in  the  buttling  feenes  of  Vemet  are  highly 
appropriate,  and  will  be  well  worbh  confulting ;  and  th6fe  in' 
the  landfcapes  of  N.  Pouttin  are  excellent  examples  of  the 
higher  ttyle.  Gainfborough  appears  to  be  the  only  inftanee 
of  the  true  pattoral  that  this  country  has  produced,  and  is 
well  worthy  our  attention  for  the  figures. 

Materials . 

* 

In  treating  of  compofition  as  it  relates  to  works  of  fancy. 
It  will  be  found  to  involve  an  inquiry  after  proper  objects, 
and  putting  them  together  fo  as  to  form  a  picture. 

By  proper  objedls  is  meant  the  raoft  perfedl  of  their  kind, 
accompanied  with  an  application  the  moft  judicious.  And 
here  begins  one  of  our  greateft  difficulties,  the  difeovering 
what  is  proper,  as  it  embraces  an  extend ve  field  of  action ; 
whoever  has  acquired  a  knowledge  of  what  is  right,  is  in  a 
fair  way  to  do  what  is  right.  The  foundation  of  all  tafte  i* 
general  inquiry,  or  an  inquiry  after  the  fpecies ;  for,  though 
all  trees  are  green,  and  thole  of  the  fame  genus  referable 
each  other,  and  though  rc/eks  and  mountains  bear  a  particular 
form,  yet  fome  are  confeffedJy  fuperior,  and  ttiould  be  care¬ 
fully  felected ;  for  painting  is  not  the  art  of  imitating  Nature 
' merely ,  but  requires  the  aid  of  reafon  in  choofino;  the  moft 
perfedt  of  her  works,  and  rejecting  her  deformities. 

He  that  brings  fnlbome  objefts  to  my  view 
(As  many  old  have  done,  and  many  new) 

With  naureous  images  my  fancy  fills, 

And  all  go  down  like  oxymel  of  Ic^uills . 

RoSCOMNrON. 

This  principle  of  general  nature  equally  extends  to  colour 
and  every  other  part  of  the  art,  a  knowledge  of  which  can 
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cmy  be  obtained  from  Nature  through  the  medium  of  artj 
that  is,  by  carefully  attending  to  the  different  excellencies 
found  in  the  works  of  the  mofl  efteenied  mafters,  and  dili- 
gently  comparing  them  with  Nature.  By  fuch  a  practice  w® 
in  time  be  enabled  to  feel  their  beauties,  and  then  we 
may  confider  ourfelves  in  a  fair  way  to  pbffels  the  like.  It  is 
not  a  flight  or  fuperficial  view  of  an  efteenied  pi&ure  that  can 
benefit  us ;  we  muff  fix  our  mind  fteadily  on  it  till  we  have, 
3s  it  were,  analyfed  it,  or  difcoyered  the  caufe  of  each  par¬ 
ticular  effect,  as  the  only  means  to  enable  us,  in  our  future 
operations,  to  work  on  fimilar  principles. 

With  a  view  to  affift  our  inquiry,  it  may  not  be  amifs  to 
point  out  the  peculiar  excellencies  to  be  found  in  the  works  of 
fome  of  the  mod;  celebrated  landfeape  painters.  N.  Poufiin, 
for  dignity,  will  be  found  highly  deferving  attention ;  his 
buildings  and  figures  are  unequalled.  Titian’s  colouring  is 
rich,  accompanied  with  great  freedom  of  hand  and  fine  forms 
of  trees.  G.  Poufiin ’s  mountains  are  grand,  and  generally 
form  a  fine  line  of  horizon,  with  a  peculiarity  in  the  deep 
parts  of  the  picture,  and  depth  of  water  truly  grand.  The 
eccentricities  of  Salvator  Rofa  will  furnifh  an  example  of 
great  union  of  parts  as  to  chiaro-fcuro,  colour,  compofilion, 
and  figures,  while  his  rocks  are  fublime  and  grandly  formed ; 
the  whole  accompanied  with  great  freedom  of  penciling.  The 
colouring,  of  Claude  is  fine,  accompanied  with  a  lovely  tone 
of  air ;  but  his  compofitions  often  appear  ftudied  ;  or,  in  oj.be r 
words,  over-laboured,  from  the  introduction  of  too  many 
beautiful  parts.  WtlfoiTs  compolitions  are  grand,  with  a 
tone  of  colour  truly  Titianej'que,  and  a  light  and  fhade  un¬ 
equalled. 

The  paftoral  excellencies  muft  be  fought  among  the  works 
of  the  Dutch  and  Fiemifh  mafters,  particularly  in  thofe  of 
Rubens,  whole  colour  and  chiaro-fcuro  are  line ;  Teniers  jun, 
who,  for  firmnefs  of  touch  and  the  true  filvery  tone,  hands 
unrivalled;  Cuyp,  for  a  light  elegant  touch,  line  colour,  ancl 
cattle;  P.  Potter  for  cattle,  and,  in  his  belt  pictures,  a  deep 
tone  of  colour;  both  the  latter  fora  light  elegant  pencil,  ex- 
quifite  warm  amber  colour,  and  elegantly  formed  trees  ;  Beg- 
hem  and  Wovernian’s  for  animals,  with  a  long  firing  of  et- 
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csetecas :  Canaletti’s  buildings  are  boldly  handled,  with  a  line 

o  * 

tone  of  colour.  To  enumerate  the  excellencies  found  in  the 
different  mailers  were  endlefs;  thefe  hints  may  ferve  to  direct 
our  inquiry. 

It  would  be  unpardonable  to  pals  over  the  merits  of  our 
countrymen  Gainfborough  and  Barrett  (not  to  mention 
many  juftly  celebrated  living  artifls,  whofe  works  will  ever 
rank  among  thofe  of  the  firft  mailers).  The  former,  for 
llghtnefs  of  handling,  elegant  rufticity  of  figures,  breadth  of 
chiaro-fcuro ,  and  fweet  filvery  tone  of  colour,  is  highly  worthy 
of  attention  ;  while  the  latter,  for  the  character  of  a  tree  and 
the  true  tone  of  gray  diftance,  is  highly  eftimable.  The  three 
great  names  of  Wilfon,  Gainfborough,  and  Barrett,  form  a 
fchool  for  the  fludent,  while  their  labours  reflect  the  high  eft 
honour  on  our  nation. 

Some  author  calls  painting  a  Jixib  fenfe ;  it  certainly  adds 
a  delight  to  the  exiftence  of  the  artift,  by  enabling  him  to 
enjoy  many  beauties  unnoticed  by  the  common  eye. 

- - — — —For  him  the  Spring 

Diftills  her  dews,  and  from  the  filken  gem 
•Its  lucid  leaves  unfolds  :  for  him  the  hand 
Of  Autumn  tinges  every  fertile  branch 
With  blooming  gold.  Am:  ms  IDE. 

Thofe  beauties,  as  they  efeape  common  obfervation,  fo  it 
will  become  our  hounden  duty  not  to  fuffer  them  to  pafs 
without  making;  fuch  memorandums  as  may  fecure  them  for 
future  ufe :  unlefs  we  do  this,  and  refort  frequently  to  Nature 
for  our  materials,  we  (hall  fall  into  a  habit  of  repeating  our- 
felves,  and  our  pictures  will  appear  as  if  made  up  from  the 
fame  fmall  dock  of  ideas.  It  becomes  an  indifpenfable  duty 
with  us  to  view  every  thing  with  an  eye  to  the  art;  from 
the  palace  to  the  cottage,  from  the  craggy  rock  to  the  humble 
bank  of  earth  :  the  various  kinds  of  trees,  with  each  fpecies 
of  ft  rub,  muft  not  pafs  unnoticed.  To  the  artift  every  thing 
is  of  ufe  ;  beautiful  or  terrific,  awfully  vaft,  or  elegantly  little  ; 
all,  all  muft  be  treafured  up  for  future  ufe  :  but  ft  ill  in  our 
rtfearch,  not  the  individual,  but  the  fpecies,  muft  form  the 
object  of  cur  inquiry, 

Tha 
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The  higher  ftyle  of  landfcape  is  by  fome  termed  the  heroic , 
to  diftinguifh  it  from  the  paftoral  *.  Among  the  objects  of 
which  the  former  is  compofed  may  be  confidered  temples, 
pyramids,  ruins  of  antient  palaces  and  caftles,  altars,  See.; 
mountains  covered  with  fnow  or  involved  in  clouds,  hanging 
pocks,  and  huge  blocks  bu riling,  as  it  were,  out  of  the  earth. 
See.  Sec.  Of  objeCls  for  the  latter,  cottages,  clofe  woods, 
•with  open  views  of  champaign  countries,  See.  See.  may  be 
noticed.  Thefe  can  only  be  confidered  as  making  the  general 
features  ;  a  further  information  will  depend  on  induflry. 

To  aCT  is  as  neceffarv  as  to  think :  he  who  fpends  a  life  in 
comparing  the  ftyles  of  different  mafters,  their  peculiarities 
of  colour,  effeCT,  or  the  propriety  of  their  compofitions,  may 
in  the  end  find  himfelf  a  mere  critic,  but  will  never  raife 
himfelf  to  the  rank  of  an  artift.  Great  advantage  will  be 
derived  by  frequently  comparing  our  works  with  the  labours 
pf  others,  which  will  give  us  caufe  to  rejoice  at  our  improve- 
pient;  or,  what  is  a  great  flep  towards  it,  discover  our  defeats. 

Combination . 

In  forming  compofitions  it  will  not  be  fufficient  to  bring 
together  materials  only;  this  can,  at  bell,  ferve  only  to  indi¬ 
cate  a  fertility  of  invention;  they  rauft  be  combined  in  fuck 
a  way  as  to  preferve  an  unity  in  the  whole.  Imagination  is 
jfliown  in  the  production  of  materials,  but  to  arrange  them 
requires  the  founded;  judgment.  To  make  all  the  parts  of 
the  picture  tend  to  excite  but' one  emotion  will  require  the 
utmoft  care,  if  the  feene  to  be  deferibed  is  folemn,  no 
lively  or  fantafiic  image  can  be  admitted  :  on  the  contrarv, 
if  the  agreeable  is  intended,  every  thing  gloomy  or  fad  fhoukl 
be  rejected.  The  necelfity  of  this  union  of  parts  is  equally 
underftood  by  the  poet  and  painter,  as  the  following  quota¬ 
tions  from  Milton  will  evince:  them  is  the  utmoft  unity  of 
parts  in  each,  though  tending  to  produce  different  fenfatjons* 

R:g  {  again fr  the  eaft.ern  pat  , 

Where  t  e  reat  fun  b  gns  is  fta6:\ 

RoVd  in  flames  and  amber  lig  t, 

The  clouds  in  them  fan  i  ver  v_s  dight, 

*  There  is  a  third,  a  fort  of  m;xed  4 1  y  e,  w  ci  docs  not  deferve  par- 
peuiaeifing,  as  it  is  compofed  of  the  other  two. 
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Wliil ;  the  ploughman,  near  at  hand, 

Whiffles  o’er  the  furrow’d  jand. 

And  the  milkmaid  fmgeth  blythe, 

And  the 'mower  whets  his  fcythe, 

And  every  fiiepherd  tells  his  tale 
Under  the  hawthorn  in  the  dale.  L’Allegro. 

How  animated,  bow  lively  is  the  whole  effe£t,  particularly 
when  con  trailed  with  the  following : 

Till  civil  fuited  Morn  appear, 

Not  trick’d  and  frounc’d  as  fhe  was  wont 
With  fhe  Attic  boy  to  hunt, 

Bur.  kerchief’d  in  a  comely  cloud, 

While  rocking  winds  are  pining  loud. 

Or  o tber’d  with  a  fhower  ftill, 

When  the  guft  has  blown  his  fill, 

Ending  on  the  ruffling  leaves, 

With  minute  drops  from  off  the  eaves.  Jl  Penserosg, 

It  Is  evident  from  the  above  examples  that  figures,  colour, 
and  chiaro-fcuroy  rauft  all  have  one  tendency,  or  the  pi&iire 
can  never  form  a  complete  whole. 

We  need  pot  wonder  at  that  want  of  information  in  the 
higher  walks  of  art  which  at  prefent  pervades  fociety,  if  we 
confkler  the  want  of  knowledge  in  thofe  who  make  a  trade 

O 

of  teaching,  and  that  of  the  number  of  drawing-books  poured 
on  the  public.  Some  confkler  neatnefs  an  objedl ;  others, 
touch,  the  form  of  a  tree;  or  ufher  forth,  as  examples  of  art, 
in  cor  redd  fketches  to  copy;  all  being  content  with  offering 
a  part,  nope  teaching  the  combination  of  a  whole;  or  that 
to  embody  a  grand  idea  is  the  higheft  point  of  human  in¬ 
tellect.  We  are  in  duty  bound  to  exert  ourfelves  to  improve 
the  national  tafte  by  every  fair  and  honefl  means;  and, 
ihould  we  be  fo  unfortunate  as  not  to  fucceed,  we  may  be 
comforted  by  the  recollection  that  to  labour  to  obtain  excel¬ 
lence  is  excellent,  as  well  as  to  endure  whatever  may  happen 
to  be  the  refult. 

Mfmy  deny  the  utility  of  the  arts,  while  others  acknow¬ 
ledge  them  as  remotely  ufeful  only  ;  but  this  were  to  quef- 
timi  whether  light  be  preferable  to  blindncfs,  fenfe  to  folly, 
or  life  to  death.  yVs  we  ex  ill  in  the  fenfes,  to  give  them  a 

keener 
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keener  relifti  through  the  medium  of  the  fciences,  is  truly 
Epicurean. 

1  he  bed  method  to  improve  and  elevate  our  thoughts  will 
be,  by  frequently  contemplating  the  mod  noble  objedls  in 
nature,  and  taking  every  opportunity  of  viewing  pictures  the 
1110ft  likely  to  infpire  fine  ideas.  But  we  {hall  view  line 
works  of  art  to  very  little  purpofe,  if  we  feel  no  higher  with 
than  mere  imitation:  if  the  noble  enthufiafm  of  rival fliip 
does  not  poftefs  our  breads,  it  is  much  to  be  feared  our  re¬ 
marks  will  be  cold,  and  our  exertions  languid :  let  us  then, 
like  Jacob,  dare  to  wreftle  even  with  an  angel. 

Various  fchemes  have  been  recommended  to  affift  the 
powers  of  imagination.  One  advil'es  contemplating  the 
breaks  in  the  plaftering  of  old  walls;  another,  the  veins  of 
marble;  and  a  third,  as  the  ne  plus  ultra ,  has  produced  a 
fyftem  of  blotting :  but  thole  methods,  however  ingenious, 
are/allacious.  Gainfborough  is  fa  id  to  have  formed  land- 
fcapes  on  the  table  with  broken  Hones,  dried  herbs,  and 
pieces  of  looking-glafs  ;  and  Chattelain,  whofe  drawing  he 
was  fond  of,  ufed  to  defign  his  rocks  from  lumps  of  coal. 

This  is  a  bad  practice.  If  we  do  not  refort  to  nature  for  our 

A. 

materials,  and  connedf  our  inquiry  with  the  beft  works  of 
art,  our  compofitions  ninft  not  be  expected  to  rife  above  the 
paftoral  character  of  tbofe  of  the  former,  and  our  rocks,  like 
thofe  of  the  latter,  may  fmell  of  the  coal-hole. 

The  Dutch  painters,  in  their  local  reprefentation,  have 
copied  each  object  as  it  occurred,  without  attempting  to  im¬ 
prove  them  ;  which  many  imagine  gives  them  a  certain  na¬ 
tural  air,  which,  by  the  bye,  is  abfurd,  and  argues  a  great 
want  of  tafte  :  this  error  equally  attaches  to  the  Flemifti 
fchool,  and  may  be  feen  even  in  the  landscapes  of  Rubens. 
The  univerfal  aftedtion  for  landfcape  painting  docs  not  arife 
from  the  love  of  imitation  merely;  the  paftoral  fcenes  of  the 
Dutch  delight  from  other  motives,  and  principally  becaufe 
familiar  to  every  imagination ;  they  exhibit  a  life  of  peace, 
leifure,  and  innocence,  with  joy,  plenty,  and  contentment ; 
bleftimjs  not  to  be  found  in  the  buftling  fcenes  of  adtive  life. 
One  rule  we  are  bound  to  obferve  in  the  paftoral ;  that  is, 
not  to  reprefent  fcenes  of  wretchednefs,  or  fuch  objedls  as 
Yop.  VIII.  R  r  may 
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may  difguft.  In  compofing  fcenes  of  rural  life,  though  they 
do -not  require  any  great  elevation  of  thought,  or  extraordi¬ 
nary  capacity  in  the  arrangement  of  the  parts,  yet  they 
demand  the  greateft  care  in  the  finifning,  cleannefs  and  deli¬ 
cacy  in  the  colouring,  and  the  utmoft  unity  and  fimplicity 
throughout  the  whole.  To  give  intereft,  we  ftiould  add  all 
that  flock  of  leflfer  graces  dependent  on  ourfelves;  fuch  as  a 
light  elegant  touch,  beauty  and  cleannefs  of  colour,  and  a' 
graceful  fimplicity  of  form.  Scenes  that  do  not  intereft  from 
themfelves  muft  be  made  to  do  fo  by  the  labours  of  the  artift; 
but  where  the  fubjedl  is  grand,  we  ftiould  clothe  it  with  all 
the  dignity  of  art,  accompanied  with  a  broad,  firm,  and  fpi- 
rited  handling. 

The  beautiful,  in  painting,  as  in  poetry  and  mufic,  is  caU 
eulated  to  move  the  fofter  paflions ;  therefore  every  thing 
abrupt  and  hard  ftiould  be  rejedled  in  the  forms  of  the  ob¬ 
jects,  chiaro-fcuro,  or  colour;  as  is  inflamed  in  Claude’s  beft 
pictures.  But  where  a  ftronger  emotion  is  to  be  railed,  the 
images,  forms,  colour,  and  light  and  ftiade,  by  pofieffing  con¬ 
trary  properties,  will  confpire  to  excite  oppofite  fenfations,  as 
in  the  works  of  Salvator  Rofa,  and  fome  of  Wilfon’s  errand 
compofttions. 

Abrupt,  angular,  and  dark  objects  aflbeiate  beft  with  the 
fublime,  accompanied  with  a  certain  degree  of  obfeurity  and 
depth  of  colour. 

Violent  paftipns  of  the  mind  are  ever  accompanied  with 
adtions  more  or  lefs  angular;  on  the  contrary,  beauty  loves 
the  eafy  fweeping  line  of  grace,  with  perfpicuity,  light,  and 
g  richnefs  of  colour:  in  fa  61,  one  effect  ftiould,  as  much  as 
poffible,  be  calculated  *to  excite  painful,  the  other  agreeable, 
fenfations.  Mountains  involved  in  clouds,  and  obiedls  feen 
through  a  rrfift,  will' always  appear  with  more  dignity  than  if 
pliftindtly  viewed. 

All  agreeable  fenfations  are  founded  in  temperance  :  too 
great  a  quantity  of  light,  colour,  or  found,  excites  pain.  It  is 
the  temperate  of  eating,  drinking,  fleeping,  nay,  of  every  thing, 
that  makes  them  delightful.  The  intemperance  of  Alexander 
paufed  him  to  weep  for  more  worlds  to  conquer — Horrid! 

jy!affy  and  dark  ikies  will  beft  aftbeiate  with  the  grand, 
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■while  the  more  light  and  fleecy  will  ever  attend  the  beau- 
tifllh 

As  lines  are  ftrongly  exprcfllve  of  motion  and  paffion, 
perhaps  in  a  boiflerous  flcy  the  forms  ought  to  interfeCi 
each  other  more  angularly  than  in  a  tranquil  fcene ;  for,  as. 
a  ftraight  line  is  indicative  of  reft,  every  departure  from  it 
muft  imply  motion;  therefore  the  nearer  the  forms,  in  croft¬ 
ing  each  other,  approach  to  a  right  angle,  the  more  expreffive 
of  violence,  But  we  muft  ufe  caution  in  the  praCtice,  The 
ftowly  gliding  river  excites  the  idea  of  reft  in  its  ftraight  lines, 
in  oppofition  to  the  contorted  ones  in  the  ru thing  current: 
the  violent  motion  of  lightning  is  always  in  acute  angles. 
It  is  nearly  the  fame  whether  the  eye  or  the  object  moves: 
if  the  fight  is  employed  in  tracing  lines  running  abruptly  in 
contrary  directions,  it  will  convey  the  idea  of  violent  motion, 
•though  it  is  not  the  lines  but  the  eye  that  moves.  Theeafy 
ferpentine  fweeping  lines,  expreffive  of  the  meandering  of 
rivers  or  roads,  ferve  wonderfully  to  carry  oft'  the  di fiance. 
Of  this  there  is  a  fine  example  in  the  picture  of  ee  Going  to 
market,”  by  Rubens,  at  Buckingham-houfe.  The  fame  thing, 
if  ufed  with  caution,  in  the  formation  of  the  clouds,  will 
carry  the  eye  into  the  difiance,  and  help  the  deception, 

Thofe  who  have  not  the  opportunity  of  frequently  applying 
to  pictures,  will  find  their  advantage  in  a  good  collection  ot 
prints;  but  they  muft  not  be  ufed  to  deal  from  (which  is 
beneath  the  dignity  of  a  great  and  independent  fpirit),  but 
to  ftudy  from,  to  acquire  a  knowledge  of  competition  and 
chiaro.-feuro. 

An  indifferent  original  competition  will  always  be  fuperior 
to  One  patched  together  with  ftolen  materials.  The  arts 
would  be  unworthy  our  purfuit,  were  they  of  eafy  attain¬ 
ment;  we  ihould  therefore  (if  we  with  to  attain  excellence) 
be  careful  not  to  fufifer  011  Helves  to  be  robbed  of  our  time 
through  an  indolence  of  fpirit;  fomething  ffiould  be  done 
every  day,  if  we  expeCt  fuccefs.  He  who  feels  a  defire  to 
a  Cl,  ihould  be  prompt  to  embrace  the  golden  offer:  if  we 
ncgleCt  the  opportunity  to-day,  we  fhall  feel  lei s  inclined  to¬ 
morrow;  nor  are  we  fare  at  any  other  time  we  fhall  be  able 
to  rekindle  the  fame  ardour.  To  aCt  is  far  eafier  than  to 

B  r  i  fuller; 
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ruffe r 5  let  us  therefore  hufband  that  time,  .the  continuance 
of  which  is  fo  uncertain,  and  whofe  lofs  is  irrecoverable. 

Be  wife  to-dav  ;  ’tis  madnefs  to  defer ; 

Next  day  the  fatal  precedent  will  plead  : 

Tints,  on,  t  il  wifdom  is  pufli’d  out  of  life.  Young. 

In  arranging  the  materials  of  our  picture,  all  that  can  be 
recommended  is,  to  avoid  regular  forms  in  the  mafs  of  ob- 
jehts  ;  as  angular,  circular,  or  any  geometrical  figure.  That 
regularity  which  conftitutes  a  beauty  in  buildings,  would 
become  a  deformity  in  fandfeape.  Should  a  long  line  of 
horizon,  or  any  other  objects,  occur  in  a  view,  to  diverfify 
it,  fome  part  fhould  be  left  obfeure,  if  it  does  not  admit  of 
breaking;  and  in  compofing  the  clouds,  and  light  and  (bade, 
we  have  an  opportunity  of  helping  the  effect  by  giving  them 
a  flight  tendency  to  a  contrary  direction:  few  things  appear 
fo  unpleafant,  as  tirefome  long  horizontal  lines  following 
each  other.  But,  however  deiirable  variety  may  he,  we 
fhould  be  careful  to  guard  again  ft  running  into  an  affected 
coritraft;  a  worfe  evil  of  the  two.  We  mu  ft  be  cautious 
that  our  compofition  does  not  crowd  too  much  into  one  part 
of  the  picture;  but,  by  way  of  {Importing  a  fort  of  balance, 
fome  one  mafs,  as  a  counterpoife,  fhotrld  appear  in  another 
part :  this  is  not  confined  to  the  objects  merely,  but  equally 
extends  to  chiarofcuro  and  colour,  to  prevent  a  fpottinefs. 
It  is  a  fault  not  uncommon  to  have  too  many  parts  in  the 
compofition  :  this  fhould  be  avoided  in  elevated  feenes,  whofe 
parts  fhould  be  fimple  and  little  decorated :  much  fin  idling 
Would  deftroy  the  fimple  dignity  Inch  fubjects  require.  The 
back-grounds  to  fome  of  Sir  Jofhua’s  pictures  are  in  the  firft 
ftyle  of  landfcape  painting. 

It  will  be  our  duty  to  dive  ft  ourfelves  of  prejudice  as  much 
as  poffible  in  viewing  works  of  art;  if  we  become  partial  to 
one  mafter,  we  lofe  the  benefit  we  ought  to  derive  from 
them  all :  and  let  us  by  no  means  adopt  the  conduhl  of  thofe 
who  view  old  pictures  to  find  out  their  excellencies,  and 
modern  ones  their  defects.  Painting,  as  before  obferved,  is 
not,  what  many  ignorantly  fuppofe,  the  art  of  copying  Nature 
merely:  no,  no ;  it  requires  the  aid  of  reafon,  and  ftrong 

reafon. 
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yea  Ton,  to  judge  of  what  is  fit  for  the  art,  and  that  it  Is  which 
makes  it  an  art  indeed  :  a  trifling  fkill  will  enable  a  man  to 
become  a  mere  imitator.  It  mult  be  obferved,  however,  that 
it  our  compofition  does  not  rile  above  common  nature,  it 
wall  be  lefs  interesting  than  a  more  indifferent  local  fcene> 
fitted  to  increafe  our  topographical  knowledge. 

from  the  whole  of  our  inquiry  it  refults,  that  the  mind 
ihould  never  ceafe  from  its  purfuit  after  whatever  is  beautiful 
or  grand;  let  us  then,  by  an  abftradl  inquiry,  endeavour  to 
create  a  nature  of  our  own,  if  poflible,  more  dignified  and 
noble  than  the  one  that  Strikes  our  fenfes  :  we  Should  feel 
an  enthufiafm  in  our  purfuits  not  to  be  fadsfied  with  any 
perfection  Short  of  divine. 


II.  Letter  from  Profeffbr  De  Cakro  to  Dr.  Pearson,  on 

the  Vaccine  Inoculation. 


DEAR  SIR, 


Vienna,  OCt.  22,  iS'oo. 


A  Cannot  wait  any  longer  to  communicate  to  you  my 
further  fuccefs  in  the  vaccine  inoculation.  A  dreadful  eoide- 
mic  fmall-pox  has  given  this  autumn  a  new  luftre  to  that 
practice,  which,  from  the  fen  fat  ion  it  has  created  in  this 
city,  is  not  likely  to  be  ever  laid  afide. 

This  extenfion  of  practice,  which  hitherto  has  been  en¬ 
tirely,  or  nearly  fo,  in  my  hands,  has  enabled  me  to  eftimate 
the  accuracy  ot  your  observations  on  the  inefficacy  of  a  cow- 
pock  that  comes  too  rapidly  to  its  height,  and  which  does  not 
follow  the  laws  of  that  difeafe.  I  muft  candidly  confefs,  that 
until  this  autumn  I  had  not  a  very  exact  idea  of  the  vaccine 
puSlule  3  that  is  to  fay,  I  knew  very  well  how  it  Should  be 
to  correfpond  with  the  defcription  of  the  English  inoculation, 
fuch  as  I  had  feen  it  on  my  own  children  ;  but  I  was  not 
aware  that  it  muft  be  absolutely  fo,  and  that  every  appear¬ 
ance  after  inoculation  was  not  to  he  looked  upon  as  a  true 
vaccine.  The  aftonifhing  likenefs  or  my  vaccine  puSlule  in 
my  Sixty  Lift  inoculations  has  given  me  a  true  knowledge  of 
it;  and  I  Scarcely  believe  that  l  can  in  future  be  mistaken. 

Oil 
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Oa  the  third  or  fourth  day,  one  perceives  a  (light  elevatloii 
and  rednefs;  it  increafes  in  a  veficular  form  till  the  12th  or 
13th  day,  and  contains  always  the  1110ft  limpid  fluid  :  a  fever 
comes  on  the  eighth  or  ninth  day,  or  fometimes  is  not  per¬ 
ceptible  :  the  beautiful  areola  appears  on  the  feventh  day, 
and  increafes  till  the  cruft  is  entirely  formed  :  this  cruft  be¬ 


gins  commonly  on  the  twelfth  day,  and  becomes  quite  black, 
1  have  had  fome  cafes  originating  from  count  MottctV 
matter,  where  a  patient  had  received  the  fmall-pox  by  inocu¬ 
lation,  and  three  bv  natural  contagion  :  one  of  thefe  has  re- 
taken  the  vaccine  in  its  perfect  form.  Luckily  for  the  fue- 
cefs  of  the  inoculation,  the  parents  of  thefe  children  were 
advifed  previoufly  of  the  idea  I  had  of  the  imperredtion  of 
their  former  vaccina ;  and  they  were  not  furprifed  at  it,  after 
having  had  a  great  difficulty  in  believing  that  the  fuperficial 
cruft  that  it  had  formed  would  be  lufficient  to  preferve  them 
from  future  infection. 


I  have  had  two  cafes  where  the  children  were  already  in- 


fe&ed  with  the  fmall-pox  at  the  time  of  the  vaccine  inocula¬ 
tion,  and  where  it  (bowed  itfelf,  as  ufual,  without  interrupt¬ 
ing  in  any  degree  the  courfe  of  the  cow-pock.  One  of  them 
proved  exceffively  mild;  the  other  is  ftill  dubious. 

I  have  had  two  cafes  where  the  inoculated  fpot  gave  flgns 
of  inflammation  only  on  the  twelfth  day,  and  where  the  puf- 
tule  has  been  perfectly  regular  and  complete'.  That  was  the 
fame  fubjebf  that  had  been  feven  months  ago  inoculated  with 
the  imperfect  cow-pock. 

I  have  not  yet  feen  any  puftule  either  of  the  fugitive  or  of 
the  variolous -Vl\hz  appearance,  although,  according  to  Dr; 
Woodville’s  obfervations,  they  (hould  appear  more  com¬ 
monly  where  the  fmall-pox  is  epidemic.  There  never  was, 
perhaps,  lo  difaftrous  an  epidemic  at  Vienna  as  that  we  have 
now.  It  is  certainly  owing  to  it  that  people  think  fo  much 
now  of  the  cow-pock,  againft  which  they  have  been  exceed¬ 
ingly  incredulous.  I  hope  to  have  it  in  my  power  to  conti¬ 
nue  it  all  winter.  By  the  laft  accounts  I  have  of  the  progrefs 
of  the  vaccine  inoculation  at  Geneva,  it  is' exceedingly  rapid. 


Some  eruptive  cafes  have  lately  been  obferved  there ;  but  I 
m  need  not  enter  into  thefe  particulars,  as  you  will  have  them 

immediately 
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immediately  from  Do&ors  Petchier  and  Odier,  or  from  the 
Biblktheque  Britanmque .  I  have  had  lately  two  opportunities 
to  make  experiments  upon  perfons  who  have  undoubtedly  had 
the  fm all -pox  in  their  infancy.  They  are  both  medical  men, 
and  confequently  their  teftimony  is  more  admiffible  than  that 
of  molt  others,  Upon  the  one,  the  vaccine  matter  produced 
no  efte<T  whatever;  and  upon  the  other,  a  very  fmall  fuper- 
ficial  veficle  appeared,  which  changed  foon  into  a  cruft.  In 
one  word,  there  was  not  the  leaft  appearance  of  the  true  and 
ufual  cow -pock  puftule.  They  cotiOrm  your  principle ,  that 
one  cannot  have  the  cow-pock  after  the  j?nall-pox.  One 
Angle  circumftance  vexes  me  in  my  vaccine  practice  :  it  is 
the  frequency  of  inoculations  that  fail ;  that  is  to  fay,  where 
no  puftule  nor  inflammation  is  produced.  I  can  fcarcely  at¬ 
tribute  it  to  my  method,  which  is  the  common  pundture  of 
moft  practitioners.  I  make  it  as  fuperficial  as  1  can,  to  avoid, 
as  much  as  poftible,  to  draw  blood,  which  I  believe  can  wafli 
off  the  matter.  I  make  one  punCture  on  each  arm.  I  fee 
that  in  England,  as  well  as  abroad,  inoculators  are  divided 
upon  the  advantages  of  the  puncture  or  of  the  incifion.  A  ou 
and  Dr.  Jenner  feem  to  make  ufe  of  the  punCture  :  Dr. 
Woodville  recommends  ftrongly  the  incifion.  At  Geneva 
they  prefer  the  incifion ;  and  here  the  punCture.  I  propofe 
now  to  make  comparative  trials;  and  tu  inoculate  my  fir  ft 
twenty  patients  in  one  arm  with  the  punCture,  and  in  the 
other  with  the  incifion.  The  difficulty  of  making  tiie  moft 
fuperficial  incifion  without  drawing  blood,  has  hitherto  in¬ 
duced  me  to  recommend  the  punClure,  Upon  the  whole,  I 
diflike  much  to  be  fo  often  under  the  neeeftity  of  repeating 
the  inoculation.  Von  will  oblige  me  very  much  by  favour¬ 
ing  me  with  fome  particulars  upon  this  point. 

My  fecond  patient,  where  the  two  difeaies  have  gone  ou 
together,  has  had  alio  a  very  favourable  fmall-pox.  I  wo 
flmilar  cafes  in  Eh  A  and  authorife  you  to  believe  that  the 

O  J 

cow-pock  can  render  the  fmall-pox  milder  when  they  attack 
the  fame  fuhiect  together. 

The  medical  world  is  waiting  with  impatience  for  the 
work  you  have  promifed  in  your  Statement ;  and  I  join  my 
requeft  to  thole  that  mull  already  have  been  addreffed  to  yon 

upoft. 


308  On  the  Vaccine  Inoculation, 

upon  the  publication  of  a  work  that  mud  throw  the  greateft 
light  on  a  fuhjedt  which  engages  now  the  attention  of  all 
civilifed  nations.  Whenever  my  materials  {ball  be  fufficient, 
I  purpofe  writing  a  complete  treatife  on  the  fubjedh  for  the 
ufe  of  the  continental  phvficians,  and  fuch  perfons  as  are  not 
in  the  way  of  collecting  from  the  various  fources  of  informa¬ 
tion  which  a  little  zeal  and  activity  have  opened  to  me. 

I  have  the  honour  to  be. 

Dear  Sir, 

With  the  fincerefl  efteem. 

Your  moft  obedient  humble  fervant, 

J.  DE  CARRO. 

P.  S.  1  fent  lately  fome  vaccine  matter  to  Lord  Elgin  at 

J  w_- 

Conflantinople  for  the  inoculation  of  his  only  fon. 


III.  Vetter  from  John'  Branson,  Vfq .  Surgeon ,  to 
Dr.  Pearson,  on  the  Vaccine  Inoculation . 

DEAR.  SI R ,  Doncafter,  Nov.  23 ,  x 800. 

T 

IN  mv  lafl  letter  to  you  1  mentioned  my  ideas  refpecting 
the  infujeeptihihty  of  the  vaccine  contagion  to  a  p  erf  on  who 
had  previoufly  had  the  fmall-pox .  I  am  Hill  of  the  fame 
opinion,  as  I  have  never  yet  been  able  to  produce  the  true 
vaccine  puftule  in  a  perfon  who  had  before  undergone  the 
fmall-pox  ;  but  I  have  lately  had  a  cafe  from  which  it  would 
appear  that,  if  both  difeafes  are  introduced  into  the  fyftem 
about  the  fame  time,  they  will  both  be  received,  and  proceed 
through  their  regular  Pages,  without  being  at  all  affected  bv 
each  other.  A  child  was  inoculated  for  the  cow-pock,  after 
it  had  been  for  fome  days  expofed  to  the  contagion  of  the 
natural  fmall-pox,  on  Friday  the  26th  of  September.  The 
arm  went  on  in  the  ufual  way  till  Wednefday  evening  fol¬ 
lowing,  when  the  child  was  feized  with  fever,  and  in  the 
evening  of  the  next  day  the  fmall-pox  appeared.  The  erup¬ 
tion  was  confluent,  and  particularly  fo  about  the  inoculated 
part,  on  Monday  the  6th  of  October,  which  was  the  eleven tli 
Jay  from  the  inoculation  of  the  vaccine  matter,  and  the  fifth 
from  the  commencement  of  the  fever  of  the  fmall-pox.  I 
8  inoculated 
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inoculated  a  child  from  the  cow-pock  puftule  furrounded  by 
a  duller  of  final  1  -pox;  in  ffiort,  they  appeared  fo  blended 
that  I  had  ,my  doubts  whether  the  matter  I  obtained  was 
that  of  the  cow-pock  or  mixed  with  final  1-pox  ;  indeed  I 
was  rather  difpofed  to  think  the  latter  was  the  cafe,  as  it  did 
not  appear  fo  limpid  as  it  ufually  does  in  the  cow-pock. 
However,  the  refill t  is,  that  it  produced  the  genuine  cow- 
pock  without  any  appearance  different  from  what  I  have  al¬ 
ways  feen  ;  and  with  matter  from  this  fource  I  have  conti¬ 
nued  to  inoculate  ever  fince,  without  any  variation  either  in 
fymptoms  or  appearance.  If  this  cafe  furnifhes  you  with 
any  thing  new  on  the  fubjedf,  I  fhall  be  very  glad.  I  have 
no  time  now  to  make  any  comment  upon  it,  as  the  poft-office 
is  juft  going  to  fhut.  I  am,  Yours  fmcerely, 

JOHN  BRANSON. 

P.  S.  Since  I  wrote  iaft  to  you,  I  have  inoculated  upwards  of 
500  for  the  vaccine  difeafe,  without  any  unpleafant  fymptoms* 


IV.  Report  of  C.  Nowell,  J\l.  D.  of  Boulogne ,  Corre- 
fpondent  of  the  Committee  of  Medicine ,  commijfioned  to 
repeat  at  Paris  the  Experiments  refpeCiing  the  Vaccine 
Inoculation ,  to  C.  Ma  s E LET,  Sub-  Preefehl  of  the  Diflritd 
of  Boulogne-Jur-Mer 

JL  OU  are  ddirous  of  knowing  the  refults  which  I  have 
obtained  refpeding  the  new  inoculation  known  under  the 
name  of  the  vaccine .  As  it  was  you  who  firft  patronifed  it, 
when  Dr.  Woodvillc,  Dr.  Aubert,  and  myfelf,  introduced  it 
into  France  f;  and  as  it  was  you  who  triumphed  over  that 
coalition  of  prejudices,  interefts,  and  paffions,  which  had 
armed  againff  it  even  the  fupreme  authority,  you  ought  to 
be  more  intcrelled  than  any  other  perfon  in  the  fuccefs  and 
propagation  of  a  difeovery  which,  without  your  aflillance, 
would  have  been  rejected,  together  with  the  veffd  that 
brought  it  to  your  fellow-citizens. 

*  From  Decade  Philofopbitjue. 

f  This  is  not,  true.  The  Vaccine  Inoculation  was  introduced  into 
France  by  the  London  Vaccine  Indication.— -See  the  Letter  of  the  Eccle 
Jj/Iecficale  to  Dr,  Pearfon,  in  our  Magazine  for  Auguft  iSoo,  p,  279,  &c. 

Vo L.  VIII.  Ss  '  Since 
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Since  the  month  of  September,  when  I  returned  from- 
Boulogne,  I  have  inoculated  for  the  vaccine  160  fubjects  of 
all  ages,  but  the  greater  part  children.  All  thefe  different 
experiments,  which  were  attended  with  the  greateft  fuccefs, 
have  invariably  difplayed  that  character  of  mildnefs  which 
eftablifhes,  in  an  incontestable  manner,  the  fuperiority  of  the 
new  over  the  old  mode  of  inoculation ;  and  the  difference 
which  we  have  had  an  opportunity  of  remarking  in  fome  of 
the  refulls  tends  ft  ill  further  to  confirm  this  fuperiority. 

All  the  children  and  adults  whom  I  inoculated  during  the’ 
whole  courfe  of  the  experiment  continued  their  ufual  fports 
and  exercifes  without  feeling  the  leaft  inconvenience.  The 

O 

adults  followed  their  daily  occupations,  and  in  general  ex¬ 
perienced  a  very  (hort  fenfation  of  uneafinefs,  and  at  raofl  a 
Hioht  febrile  affedtion. 

C 

Six  weeks  after  my  firft  experiments  1  made  fucceffively 
feven  counter-experiments.  I  carried  to  the  houfe  of 
C.  Beaufoleil,  whofe  children  were  attacked  with  the  na? 
tural  fmall-pox,  the  eruption  of  which  was  very  abundant, 
three  children  of  C.  Beu«:ne,  who  had  been  inoculated  with 
the  vaccine.  After  leaving  them  a  long  time  together,  I 
inoculated  my  three  fubjects,  as  ufual,  with  the  variolous 
matter  taken  from  the  younffeft  of  the  children,  who  was 
covered  with  the  eruption ;  but  none  of  them  experienced 
the  leaft  effedt  from  the  operation. 

The  other  four  fubjects,  whom  I  afterwards  fubjedted  to  a 
counter-experiment,  were,  a  young  domeftic  of  C.  Wynne, 
another  of  C.  Bell,  and  two  fillers  of  the  latter.  I  carried 
them  to  the  houfe  of  C.  Trudin,  broker,  whofe  child  had 
the  natural  fmall-pox.  They  were  all  inoculated  without 
the  leaft  effedt. 

C.  Magnier,  of  Pont-de-Brique,  having  fent  for  his  fori 
from  Boulogne,  where  he  was  at  fchool,  I  inoculated  him 
with  the  vaccine  in  the  country.  He  was  then  fent  back  to 
fchool,  where  the  fmall-pox  had  broken  out  during  his  ab- 
fence.  The  young  man  continued  as  ufual  to  frequent  the 
company  of  his  fchool-fellows  infedted  with  the  contagion, 
to  play  with  them,  to  eat  with  them,  and  to  deep  in  the 
fame  room  with  them,  without  experiencing  any  effedt. 

I  have 
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T  have  had  an  opportunity  in  the  courfe  of  my  experiments 
to  be  convinced  that  the  vaccine  inoculation  can  have  no 
effect  on  thofe  who  have  had  the  fmall-pox.  C.  Beugne, 
already  mentioned,  believed  that  he  had  never  had  the  fmall- 
pox.  I  inoculated  him  three  different  times  with  the  vaccine 
matter,  but  always  without  any  effect.  Being  (truck  with  this 
phenomenon,  I  afked  him  fome  queftions,  when  he  acknow¬ 
ledged,  that  at  the  age  of  four  years  he  had  flept  with  one  of 
his  filters  who  had  been  attacked  with  the  confluent  fmall- 
pox  highly  malignant,  that  he  had  been  very  tick  for  feveral 
days,  but  that  his  mother  did  not  think  him  infedted  with 
the  fmall-pox  becaufe  he  had  no  puftules,  which  are  the 
ufual  fymptom.  This  was  an  excellent  opportunity  for 
trying  a  new  fort  of  counter-experiment :  I  inoculated 
C.  Beugne  with  the  fmall-pox,  but  they  took  no  effect. 

The  fon  of  C.  Genou,  of  Samer,  aged  nine  years,  had  beeA 
inoculated  for  the  vaccine  with  frefh  matter  and  of  a  good 
quality.  Four  days  after  I  went  to  examine  the  child,  and 
was  much  furprifed  to  obferve  that  the  vaccine  had  produced 
nothing,  though  the  child  had  been  inoculated  in  three  dif- 
ferent  places.  This  experiment  had  feldom  failed,  except 
when  the  fubjedf  had  before  had  the  fmall-pox.  On  exa- 
mining  the  child,  I  found  him  with  a  languid  look,  a  bad 
pulfe,  and  a  great  deal  of  fever.  I  fufpedted,  therefore,  that 
he  had  been  already  infedted  with  the  fmall-pox  at  the  time 
when  I  inoculated  him  for  the  vaccine.  On  inquiring,  I 
found  that  the  child  had  come  from  a  houfe  where  the  na¬ 
tural  fmall-pox  prevailed,  in  order  to  be  inoculated.  I  fore- 
faw  that  he  was  going  to  have  the  natural  eruption,  and  in¬ 
deed  the  difeafe  appeared  on  him  two  days  after.  It  was  of 
the  mild  kind,  and  the  pundtures  made  for  the  vaccine  were 
dry,  and  almoft  effaced. 

My  experience  proved  to  me  alfo,  that  in  the  cafe  where 
the  fubjedt  is  already  infedted  with  the  fmall-pox,  the  vac¬ 
cine  inoculation,  which  then  remains  without  any  apparent 
effedt,  adds  nothing  to  the  malignity  of  the  fmall-pox.  I  am 
convinced  that,  whichever  of  the  two  infedtions  is  anterior 
in  point  of  adtion  and  progrefs,  prevents  the  adtion  and  pro- 

S  s  3  grefs 
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grefs  of  the  other;  and  confequently,  as  thefe  two  principles 
cannot  exift  together,  the  one  cannot  add  to  the  other. 

Another  very,  important  obfervation,  which  appears  to  ine 
to  prove  that  the  vaccine  is  really  a  fpecies  of  the  fmall-pox, 
which  differs  from  the  human  fmall-pox  only  by  its  origin 
and  the  peculiar  character  of  mildnefs  by  which  it  is  didin- 
guifhed,  is  as  follows  : — A  child  of  C.  Billier,  falt-refmer,  on 
the  ninth  day  of  inoculation  for  the  vaccine;  which  is  the 
critical  day,  cut  four  teeth,  two  of  them  eye-teeth.  A  fecond 
cribs  of  nature  fo  violent,  ought  to  have  been,  and  was  ac¬ 
companied  with,  a  drong  accefs  of  fever,  which,  added  to  the 
very  moderate  accefs  arifing  from  the  vaccine,  brought  out 
on  the  child’s  body  an  eruption  of  262  large  puftules  filled 
with  limpid  matter.  No  common  inoculation  ever  produced 
any  of  fo  beautiful  a  kind  ;  they  ended  without  the  lead  fever, 
and  difappeared  at  the  end  of  feven  days  without  leaving  any 
marks.  This  child  fince  inoculation  has  enjoyed  perfect 
health;  and  I  have  remarked  that  is  invariably  the  effeCt  of 
the  vaccine.  The  cafe  is  far  from  being:  the  fame  with  the 
common  inoculation.  Of  the  children  whom  I  inoculated 
with  the  vaccine,  feveral  were  weak  and  ailing,  often  attacked 
with  a  violent  cough,  and  two  of  them  were  walled  with  a 
periodical  fever.  All  thefe  children,  and  in  particular  the 
two  lad,  have  enjoyed  fince  the  operation  perfeCt  health. 

The  vaccine  inoculation  ferves  me  as  a  criterion  to  didipate 
the  uneafinefs  of  thofe  who  have  need  of  being  allured  that 
they  have  had  the  fmall-pox,  and  that  they  have  nothing  to 
fear. 

I  have  offered  a  premium  for  every  poor  perfon  who  can 
be  proved  to  me  to  have  had  the  fmall-pox  after  being  ino¬ 
culated,  with  care,  for  the  vaccine.  I  fhould  not  be  afraid 
to  ride  my  whole  fortune  at  prefent  on  this  head.  But  [ 
cannot  too  ftrongly  recommend  to  practitioners  to  bedow 
more  care  on  this  operation,  and  to  repeat  it  if  the  lead 
doubt  fhould  remain  ;  otherwife  there  will  be  fotne  danger 
of  feeing  perfons  attacked  with  the  fmall-pox  after  being 
fuppofed  fecured  from  that  difeafe  by  the  vaccine.  It  is  to 
errors  of  this  kind  that  the  obdacles  oppoled  to  the  intro¬ 
duction, 
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Auction  of  the  common  inoculation  in  the  north  of  England 
were  to  be  afcribed. 

This  ineftimable  difcovery  has  triumphed  over  all  obftacles 
as  well  as  over  every  prejudice  in  England.  Sophifms  have 
been  refuted  by  fadts ;  and  it  is  contrary  to  the  rules  of  good 
logic  to  reply  to  fadts  by  hyppthefes.  The  celebrated  Doctor 
David,  of  Rotterdam,  wrote  to  me  in  the  month  of  October 
laft,  that  the  experiments  which  he  repeated  with  the  matter 
fent  from  Boulogne  had  been  attended  with  the  moft  com¬ 
plete  fuccefs;  and  Dr.  Jenner,  the  author  of  this  noble  dif¬ 
covery,  informed  him  at  that  period,  that  more  than  50,000 
perfons  have  tbeen  already  inoculated  with  the  vaccine  in 
England;  that  a  third  of  that  number  had  been  expofed  to 
every  left  poffible  without  the  fmall- pox  ever  taking  eftedt : 
and,  in  the  laft  place,  for  five  years,  during  which  time  he 
has  been  conftantly  employed  in  repeating  the  experiments, 
no  one  has  ever  yet  refuted  this  theory,  or  weakened  the  con- 
clufions  he  has  drawn  from  it. 

J.  M.  NOWELL,  M.  D. 

Boulogne-  fur-Mer, 

Dec.  3,  1800. 


V.  A  floort  View  of  the  new  EleBrical  Experiments  performed 

by  Dr.  Van  Marum. 

[Concluded  from  Page  193.] 

7*  HEN  the  condudtor  at  the  tower  of  Siena  wa$ 

ftruck  by  lightning,  feveral  perfons,  befides  the  common 
electric  light,  clearly  obferved  on  it  a  regular  train  of  light; 
and  Beccaria  gave  to  this  phaenomenon,  which  he  endea¬ 
voured,  without  fuccefs,  10  imitate  with  his  electric  machine, 
the  name  of  divergent  eleBricity .  Mr.  Landriani  requefted 
Dr.  Van  Marum  to  try  an  experiment  of  the  fame  kind  with 
his  large  machine.  Both  thefe  philofophers  confidered  this 
divergent  electricity  as  an  efiedt  of  the  refiftance  which  me¬ 
tals  oppofe  to  the  influx  of  the  eledlric  matter  when  thev 
have  too  fmall  a  diameter,  and  throw  oft'  at  the  fides  the 
Tnatter  not  received.  To  afeertain  this  fadf,  an  iron  wire, 
of  an  inch  in  diameter,  was  placed  at  fuch  a  diftance  from 

the 
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the  condu&or,  that  fparks  were  drawn  from  it  almoft  without 
interruption.  The  operators  now  obferved  with  pleafure  that 
this  final l  wire,  though,  in  complete  connexion  with  the 
conductor,  was  covered  along  its  whole  length  with  a  con¬ 
tinued  ftream  of  light,  and  that  this  light  confided  of  fmall 
rays,  which  iftued  from  the  wire  on  all  tides.  The  Imaller 
the  wire,  the  broader  was  the  dream  of  light.  Wire  ot  other 
metals,  of  the  like  diameter,  exhibited  the  fame  phenomena. 

8.  Experiments  to  try  whether  the  evaporation  of  vege¬ 

tables  during  their  being  electrified  would  he  increafed  when 
the  pots  containing  them  were  wfulated  and  brought  in  con¬ 
nexion  with  pojitivc  conductors. — After  being  expofed  to 
deCh’icitv  for  a  quarter  of  an  hour,  the  lofs  of  weight  by 
evaporation  was  found  to  be  in  fome  i  and  others 

i-qd  more  than  in  the  unelectric  date.  It  is  here  poffible, 
however,  that  there  may  be  fome  deception ;  for,  as  the  elec¬ 
tric  condu&or,  when  not  made  exactly  round,  always  emits  a 
wind,  fo  mud  the  points  of  the  leaves  of  plants,  and  confer 
quently  more  evaporable  matter  mud  be  carried  oft  with  it. 
In  order  to  obtain  fomething  decifive  on  this  fubje£t,  plants 
without  leaves  ought  to  be  employed;  but  thefe  evaporate 
very  little. 

9.  The  influence  of  cledricity  on  the  fenjitive  plants. — This 
was  proved  by  Dr.  Van  Maruin  on  the  Mhnofa  pudica.  He 
ftr ft  expofed  the  plant  to  the  fun,  in  order  that  its  leaves 
plight  be  more  expanded,  and  then  applied  it  at  the  diftance 
of  two  feet  from  a  conductor  pofiti.vely  electrified,  and  then 
to  one  negatively  ele&rifjed.  No  eftefts,  however,  were  pro¬ 
duced.  Being  placed  on  the  conductor,  the  fmall  leaves 
raifed  themfelves  up  a  little  and  expanded,  when  no  fparks 
were  drawn  from  the  conductor;  but  as  foon  as  fparks  were 
drawn  from  the  conductor,  the  fmall  leaves  again  fell  nearly 
m  the  lame  manner  as  the  pendulum  electrometer.  Alter  a 
few  fuch  changes  they  at  length  began  to  approach  each 
other,  to  clofe  themfelves  up,  and  to  become  totally  ftiut. 
This  refult  took  place  alfo  in  confequence  of  other  kinds  or 
(hocks,  and  therefore  is  not  to  be  afcribed  exclufively  to  elec¬ 
tricity.  In  other  refpe&s,  the  plants  experienced  no  other 
'change. 
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In  experiments  of  the  fame  kind  made  with  the  heclyfarum 
gyrans ,  the  electricity  produced  no  acceleration  nor  retarda¬ 
tion  in  the  movement  of  the  fmall  leaves. 

10.  EleCtricity  produced  variations  in,  the  fate  of  the  ba¬ 
rometer,  but  only  in  a  fmall  decree  when  the  mercury  had 
not  been  boiled,  and  when,  of  courfe,  it  ftill  contained  fome 
moifture. 

1 1.  An  experiment  was  undertaken  at  the  requeft  of  Volta, 
to  afcertain  whether  the  evaporation  of  liquors  at  the  common 
temperature  oj  the  atmofphere  would  be  increafed  by  electricity . 
— Doctor  Van  Marum  fir  ft  placed  water,  alcohol,  fulphurie 
ether,  accurately  weighed  in  fmall  porcelain  cups,  on  a  con¬ 
ductor,  and  at  the  fame  time  fimilar  quantities  at  fome  di- 
ftance  from  the  machine.  After  being  expofed  to  electricity 
for  half  an  hour,  no  figns  of  increafed  evaporation  could  be 
perceived.  The  cafe  was  the  fame  in  other  experiments 
where  the  circum fiances  were  changed.  Volta  propofed  alfo 
two  other  experiments ;  one  for  the  purpofe  of  trying  whether 
eleCtrified  air  be  more  impregnated  with  water  than  other 
air,  and,  whether  the  atmofphere  be  rarefied  by  electricity. 

12.  On  the  reduction  of  metallic  oxides  by  electricity . — As 
this  was  effected  in  the  year  1785  with  fparks  drawn  from  a 
battery,  Dr.  Van  Marum  was  defirous  of  trying  whether  it 
could  be  done  alfo  with  fparks  from  a  conductor;  whether 
air  was  produced  during  each  revival ;  and  if  fo,  of  what  kind. 
For  this  purpofe  he  employed  tubes  like  thofe  already  de- 
feribed  in  art.  5.  The  fparks  were  three  inches  in  length. 
Red  lead  was  alnioft  immediately  revived,  and,  within 
twenty  minutes,  there  were  produced  about  cubic  inch  of 
gas,  1 -3d  of  which  was  carbonic  acid  gas.  The  refkkmm 
fl lowed  in  the  eudiometer  not  fo  much  decreafe  as  atmo- 
fpheric  air.  White  lead,  treated  in  the  fame  manner,  was 
reduced  in  a  lefs  degree;  lefs  air  alfo  was  produced;  but  in 
other  refpeCts  it  appeared  to  be  the  fame.  Oxide  of  tin  was 
not  reduced,  and,  after  being  eleCtrified  half  an  hour,  gave  no 
air.  The  cafe  was  the  fame  with  the  oxide  of  iron.  Oxide 
of  mercury  prepared  by  heat  was  very  foon  reduced  into  the 
form  of  very  lmall  globules,  of  a  black  colour,  adhering  to 
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the  tides  of  the  veffel.  The  quantity  of  air  produced,  how¬ 
ever,  was  fo  fmall,  that  it  could  not  be  examined. 

13.  Experiments  for  examining  the  quality  of  the  air  in  the 
hall  in  which  the  machine  was  worked. — For  this  purpofe 
Sauflure^s  ele&rometer  was  employed,  but,  inftead  of  a 
pointed  piece  of  metal,  the  flame  of  a  wax  taper  was  em¬ 
ployed  to  receive  the  electricity,  according  to  Volta’s  expe¬ 
riment.  The  air  in  this  hall  was  of  moderate  drynefs;  and 
it  was  obferved  that,  for  the  fpace  of  five  minutes,  during 
which  the  eleCtricity  was  continued,  the  whole  air  was  elec¬ 
tric,  though  the  hall  was  60  feet  in  length,  30  in  breadth, 
and  40  in  height.  The  balls  feparated  from  each  other  at 
the  remoteft  places  half  an  inch  ;  the  conductor  was  pofi- 
tively  eleCtrified,  and  the  air  of  the  hall  was  eleCtrified  in  the 
fame  manner. 

14.  Volta  entertained  an  idea  that  the  ftrength  of  the 
conductor  would  be  increafed  if  its  length  were  increafed. 
Experience,  however,  proved  the  contrary.  Sparks  drawn 
from  a  conductor  60  feet  in  length  and  4  inches  in  dia¬ 
meter,  were  five  inches  fhqrter  than  thofe  drawn  from  a 
common  conductor.  The  fparks  feemed  to  be  a  little 
(tronger,  but  they  followed  each  other  more  flowly. 

13.  In  repeating  the  experiments  on  the  communicating  heat 
to  bodies  by  electricity ,  Dr.  Van  Marum  conceived  the  idea 
of  tranfmitting  the  fparks  through  femi-conduCtors,  in  order 
to  give  them  more  energy.  For  this  purpofe  he  placed  a 
wooden  rod,  one  inch  in  thicknefs  and  11  inches  in  length, 
between  the  ball  of  the  conductor  and  the  conducting  wire. 
The  confequence  was  what  he  expeCted  ;  for  a  rod  of  red  fir, 
after  being  eleCtrified  three  or  four  minutes,  gave  fenfible 
figns  of  heat;  and  a  thermometer,  funk  into  a  hole  made  in 
it,  rofe  in  three  minutes  from  61  to  88  degrees,  and,  in  five 
minutes,  to  112  degrees.  As  the  fparks,  howpver,  often  pe¬ 
netrated  under  the  furface  of  the  rod,  it  at  length  fplit  at  the 
end,  and  continually  threw  out  rays  fideways,  fo  that  it  imi¬ 
tated  the  efl'eCfs  of  lightning. 

16.  Phofphorus  eleclrifed  in  vacuo  produced  a  gas  bv 
which  the  column  of  mercury  in  half  an  hour  fell  four 
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Inches  ;  after  which  it  became  ftationary.  In  a  darkened 
room,  the  electricity  in  vacuo  appeared  of  a  greenifh-yellow 
colour.  In  the  middle,  where  the  elcCtric  Areata  was 
ftronger,  as  well  as  at  the  furface  of  the  phofphorus,  the 
rays  appeared  of  a  very  lively  red  colour.  After  the  p adage 
of  the  electric  current,  the  light  did  not  continue  a  moment; 
but  the  air  produced  retained  its  elafticity  till  the  day  follow¬ 
ing.  As  foon  as  a  little  atmofpheric  air  was  introduced  to  it, 
the  whole  fpace  above  the  mercury  appeared  luminous*  Phof- 
phorous  gas  was  in  all  probability  produced.  The  quantity, 
however,  was  too  fmall  to  be  examined,  though  of  the  fame 
kind  as  that  deferibed 
M  ue  for  1785. 

17.  Experiments  with  a  battery  containing  350  fauare  feet 
of  coating . — This  battery  confifts  of  100  jars,  each  twelve 
inches  in  diameter,  and  from  22  to  23  inches  in  height. 
They  are  coated  to  within  four  inches  of  the  mouth,  and 
hand  at  the  difiance  of  half  an  inch  from  each  other  in  four 
boxes  of  equal  fize.  The  boxes  are  five  inches  from  each 
other,  and  are  connected  at  the  top  by  four  brafs  rods,  and 
at  the  bottom  by  four  plates  of  lead.  In  the  middle  jar 
hands  a  perpendicular  tube,  furnifhed  with  a  ball  fix  inches 
in  diameter,  and  24  holes,  into  which  the  tubes  of  the  other 
jars,  an  inch  in  diameter,  are  infcrted  :  the  lower  ends  of 
thefe  tubes  are  inferted  in  the  balls  of  each  jar.  In  the 
jars  themfelves  there  are  wooden  rods  placed  on  Hands  with 
peculiar  fupports,  and  on  thefe  brafs  rods  are  lluck,  fo  that 
nothing  is  cemented  to  the  jars.  When  this  battery  had 
been  charged  by  98  turns  of  the  machine  (100  turns  made 
it  difeharge  itfelf  fpontaneoufiy,  by  which  means  the  jar 
where  the  difeharge  took  place  was  pierced  through,)  an  iron 
wire,  ~0  inch  in  diameter  and  34*-  inches  long,  was  thrown 
about  to  a  great  diftance  in  fmall  red-hot  globules.  By  a 
comparifon  with  former  experiments  of  this  kind.  It  appeared 
that  the  ftrength  of  the  machine,  by  improvements  made  in 
the  cufiiion,  had  been  increafed  five-fold.  Dr.  Van  Marum 
confiders  the  fufing  of  an  iron  wire,  of  a  certain  length  and 
'thicknefs,  as  the  Cured  means  of  ascertaining  the  ftrength  of 
hhe  fhock  of  a  battery.  In  one  experiment,  by  a  {hock  of  thefc 
Wol.VIIIv  "  Tt  above 
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above  kind,  a  fimilar  iron  wire,  36  inches  in  length,  waftf 
thoroughly  ignited,  fo  that  it  became  blue,  and  Toon  oxydated 
at  the  furface.  On  this  occafion,  a  phenomenon  never  be¬ 
fore  obferved  took  place*  At  the  moment  of  charging,  the 
whole  lurface  was  covered  with  an  exceedingly  lively  light, 
that  could  even  be  obferved  in  the  open  day,  and  which  in 
darknefs  appeared  to  be  an  inch  in  diameter.  The  fhock  alfo 
was  much  ftronger  than  ufual. 

A  difeharge  on  pieces  of  quartz  rounded  the  corners  and 
points  very  perceptibly,  and  even  fufed  fome  parts  of  the 
ftone. 

1 8.  Experiments  with  the  battery  to  a  [certain  the  caufe  of 
death  in  thofe  Jiruck  with  lightning . — This  caufe  is  generally 
iferibed  to  the  irritability  of  the  mufcular  fibre  being  de~ 
wroved.  Now,  as  animals  hitherto  have  never  loft  their  lives 

j  J 

immediately  bv  ele&ric  fliocks,  but  have  been  lamed  or  thrown 
into  convulfions,  it  appeared  doubtful  whether  an  eledfric  fhock 
could  actually  deprive  the  mufcular'  fibres  of  their  irritability. 
For  this  reafon  Dr.  Van  Alarum  in  his  experiments  employed 
eels,  which,  as  is  well  known,  even  when  cut  into  three, 
four,  or  fix  parts,  and  when  deprived  of  the  head,  ftill  retain 
figns  of  irritability.  Thefe  eels  were  a  foot  and  a  half  in 
length,  and  the  frock  was  conveyed  through  the  whole  body. 
By  thefe  means  they  were  inftantly  killed,  and  never  moved 
afterwards.  They  were  immediately  fkinned,  and  trial  was 
made,  by  pinching,  pricking,  &c.  whether  any  irritability 
remained;  but  no  traces  of  any  were  perceptible  even  when 
pretty  large  fparks  were  drawn  from  thefe  parts.  The 
ftrongeft  falts  were  attended  with  as  little  efTehf. 

When  the  fhock  was  made  to  pafs  through  individual  parts, 
for  example  the  head,  thefe  only  loft  their  irritability,  while 
the  reft  retained  it.  When  the  head  was  kept  free  from  the 
fhock,  the  remaining  parts  only  were  lamed.  The  fame  ex¬ 
periments  were  feveral  times  repeated  on  eels  of  3d  feet  ire 
length,  and  with  the  fame  refults.  When  the  fhock  was 
made  to  pafs  through  the  upper  and  fore-part  of  the  head  of 
large  eels,  the  under-jaw,  as  well  as  the  mufcles  of  the  neck 
and  belly,  and  even  the  lower  part  of  the  body,  retained  their 
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through  which  the  ffiock  pafled.  The  fame  effects  were  pro¬ 
duced  in  warm-blooded  animals,  for  example  rabbits,  with 
much  fmaller  batteries.  Now,  as,  in  confequence  of  fuch  de¬ 
rangement,  circulation  of  the  blood  can  no  longer  take  place, 
this  circumftance,  without  all  doubt,  is  the  caufe  of  the 
fudden  death  of  thofe  {truck  with  lightning.  If  the  fhock 
does  not  pafs  through  the  large  arteries  the  animal  may  hill 
recover,  provided  the  cerebellum  and  fpinal  marrow  be  not 
injured. 

19.  The  effects  of  fuch  jhocks  from  a  battery  on  trees . — * 
Nairne,  in  the  year  17 73,  made  experiments  of  this  kind  on 
different  plants,  particularly  myrtles  and  laurels.  Dr.  Van 
Marum,  for  his  experiments,  made  choice  of  much  more 
'vigorous  trees,  fuch,  for  example,  as  the  young  hems  of  a 
common  willow-tree,  and  at  a  period,  viz.  the  middle  of 
April,  when  the  young  branches  ufually  {hoot  forth. 
Through  two  of  thefe,  eight  feet  in  length,  he  conveyed 
(hocks,  the  flrft  through  a  fpace  15  inches  in  length,  and 
two  others  through  their  top.  After  the  experiments  thefe 
trees  were  planted;  but  the  parts  through  which  the  (hocks 
had  been  conveyed  fent  forth  no  branches.  The  upper  parts 
through  which  the  (hocks  had  pafled,  fent  forth  a  few  (hoot* 
for  fome  days,  but  very  flowlv,  and  which  foon  after  died. 
Thofe  not  electrified  fent  out  branches  like  the  other  trees 
planted  near  them.  The  effeCts  of  electricity,  therefore,  are 
iimilar  to  thofe  of  lightning. 

20.  Experiments  on  conduEiors . — Dr.  Van  Marum  had 
concluded  from  his  former  experiments  that  a  rod  of  lead 
mu  ft  be  four  times  as  large  in  diameter  as  one  of  iron  to 
withftand  lightning;  in  the  fame  manner.  Thefe  dimen dons, 
however,  are  fufficient  for  the  ftrongeft  lightning.  It  ap¬ 
peared  alfo  that  copper  conductors  are  equal  to  thole  made  of 
iron,  even  when  their  diameter  is  only  one-half  of  that  of 
iron  ones.  This  appeared  alfo  from  Brooks’s  experiments, 
who  concluded  that  a  flip  of  lead  four  inches  in  breadth,  and 
fo  thick  that  a  fquare  foot  of  it  amounts  to  eight  pounds, 
-cannot  be  hurt  by  lightning.  The  experiments  made  by 
means  of  the  large  battery  refpeCting  the  conduCling  pro¬ 
perty  of  copper,  gave  very  different  refill ts.  As  an  iron  wire 
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^  of  an'inch  in  diameter  and  3 6  feet  in  length,  was  reduced 
to  a  date  of  ignition  by  a  charge  from  98  turns  of  the  ma¬ 
chine,  Dr.  Van  Marum  made  a  charge  of  the  fame  kind  to 
pafs  through  a  copper  one  yT  inch  in  diameter,  and  faw, 
with  adonifhment^  that  this  wire  was  fufed  into  final]  glo¬ 
bules.  Another  copper  wire,  inch  in  diameter,  was 
broken  in  twn  places  from  a  like  charge  ;  a  third,  of  dT  inch, 
remained  whole.  The  caufe  of  this  difference,  after  a  clofe 
examination,  was  found  to  be  in  the  difference  of  the  pu¬ 
rity  of  the  copper.  In  the  lad  experiments  the  wire  was  of 
common  copper,  but  in  the  former  they  held  been  drawn 
from  an  ingot  of  purified  copper,  like  that  prepared  to  be 
mixed  with  gold.  Now,  as  condudtors  are  made  of  common 
copper,  in  determining  their  drength  attention  mud  be  paid 
to  the  lad  experiments,  and  their  diameter  mud  amount  to 
half  that  of  iron  condu&ors,  in  order  to  prefent  an  equal  re- 
ddance  to  lightning.  It  is  here  fuppofed  that  the  length  is 
always  the  fame.  As  it  has  been  found  that  fquare  iron  rods 
of  half  an  inch  in  thicknefs  can  withdand  the  ftronged  li^ht- 
ning,  in  regard  to  copper  ones,  it  will  be  fufficient  if  each 
fide  be  about  four  or  five  lines. 

Dr.  Van  Marum  fadened  the  wire,  through  which  he 
made  the  diock  to  pafs,  on  a  piece  of  baked  dr-lath,  and 
found  that  it  was  burnt  in  foine  places  where  it  had  touched 
the  bends  of  the  wire.  Another  time  he  bound  agaric  of  the 
oak  round  the  wire,  fo  that  it  lay  fad;  and  the  confeqnence 
was,  that  it  took  dre  along  its  whole  length.  Con- 
du6tors  therefore  which  pafs  along  dr,  or  wooden  work, 
mud  be  made  fomewhat  thicker  than  would  otherwife  he 
neceffary. 

Patterfon  has  recommended  plumbago  for  the  fummits  of 
conductors,  bpcaufe  it  cannot  be  fufed  by  lightning,  but  a 
charge  of  the  large  battery  always  reduced  the  ftrongeft 
plumbago  to  powder.  If  conductors  are  to  be  made  pointed, 
they  ought,  to  be  furnifhed  with  feveral  points,  that,  in  eafe 
one  of  them  fho’uld  be  fufed,  the  red  may  he  in  a  date  to 
conduct  the  lightning.  But  it  appears  from  former  experi¬ 
ments  that  pointed  conductors  do  not  deferve  that  preference 
over  blunt  ones  which  fome  have  given  to  them. 

A.  21.  Coflt 
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21.  Continuation  of  the  experiments  on  the  oxy dating  of 
metals j  on  this  occafion ,  the  femi-metals . — As  the  fern i- me¬ 
tals  could  not  be  drawn  out  into  fine  wire,  thin  plates  of  them 
were  employed ;  but  this  could  be  the  cafe  only  with  zinc 
and  bifmuth.  After  the  explofion  the  metal  was  feen  to  rife 
up  like  a  thick  vapour,  leaving  traces  of  it  on  the  paper;  but 
it  could  not  be  converted  into  ignited  globules.  Purified  an¬ 
timony,  pulverifed  and  ftrewed  in  a  line,  was  oxydatcd,  and 
exhibited  the  fame  phaenomena  as  zinc  and  bifmuth  ;  but  a 
larger  quantity  was  converted  into  powder  before  it  could  be 
oxydated.  Some  femi-metals  were  mixed  with  fo  much  tin 
that  thev  could  be  drawn  out  into  wire  -A  of  an  inch  in  dia- 
meter;  for  example,  zinc  and  j  tin,  ~  cobalt  and  ~  tin, 
AT  bifmuth  and  f-J  tin.  In  their  oxydation,  however,  they 
exhibited  nothing  particular;  they  always  rofe  in  vapour,  and 
left  fpots  on  the  paper  like  the  unmixed  metals.  A  platinar 
wire,  inch  in  diameter,  made  by  Jeanety  at  Paris, exhibited 
the. fame  phcenomena  in  fufing  as  filver.  The  platina  was 
ftrewed  about  in  fine  powder,  which  left  on  the  paper  traces 
almoft  fimilar  to  thofe  of  iron. 

22.  The  fo-called  refiduum  after  the  explofion  was,  with  a 
charge  of  50,  double  of  what  it  was  by  a  charge  of  15  . 

23.  Nairne  found  that,  with  a  battery  of  50  fquare  feet  of 
coating,  the  jars  were  readily  broken,  when  the  charge  was 
made  to  explode  by  too  fliort  a  difcharging-rod,  and  he  con- 
fidered  one  of  five  feet  in  length  fufficient  to  prevent  this  ac¬ 
cident.  Dr.  Van  Marum  found  this  length  fufficient  for 
.135  feet  of  coating,  but  not  for  225  feet ;  and,  for  550  feet, 
a  difeharginor-rod  of  18  feet  in  length  was  not  fufficient,  for' 
even  then  the  jars  were  fometimes  broken.  None  of  the 
jars  however  were  hurt  when  the  communication  was  noi 
made  through  the  ftrong  iron  wire  of  the  battery,  but  through 
very  fine  metallic  wires,  through  imperfect  conductors,  ani¬ 
mals,  and  the  like,  where  the  ftream  found  more  reft  fiance. 
In  charging  large  batteries  it  is  necefiary  that  the  difcharg¬ 
ing-rod  fliould  receive  the  ftream  from  the  middle  of  the  bat- 

o 

tery,  for,  when  it  was  received  on  one  fide,  two  jars  broke  in 
fucceffion  on  the  oppofue  fide  with  a  charge  of  20°,  Brooks 
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fays  that  the  breaking  of  the  jars  may  be  prevented  if  paper 
coating  be  applied  under  that  of  the  metal.  Dr.  Van  Marum 
found  this  to  be  true,  but  obferved  at  the  fame  time  that  the 
coating  was  thereby  weakened. 

?  '  ■  *’[  ‘ 

VL  Account  of  fome  inter efing  Experiments ,  performed  at 
the  London  Philofophical  Society,  refpeBing  the  EJfeBs  of 
Heat ,  excited  by  a  Stream  of  Oxygen  Gas  thrown  upon 
ignited  Charcoal ,  on  a  Humber  of  Gems  and  other  refrac¬ 
tory  Subjlances  fubmitted  to  its  Action  ;  with  a  Defcription 
of  the  Apparatus  employed. 

[Concluded  from  Page  z.66.] 

In  the  experiments  that  have  been  deferibed,  no  account 
was  taken  of  the  quantity  of  oxygen  gas  expended  on  each, 
as  the  obje&s  the  Society  had  chiefly  in  view  were : 

i.  To  fufe,  if  poflible,  fome  of  thofe  refractory  bodies 
which  had  before  refifted  every  effort  hitherto  made  to  bring 
them  into  a  hate  of  fufion ; 

1.  To  afeertain  whether  any  or  which  of  the  gems  would 
retain  their  original  colour,  tranfparency  and  hardnefs,  after 
fufion,  with  the  view  of  determining  whether  it  would  be 
poflible  by  Rich  a  procefs  to  unite  fmall  ftones  or  fragments 
into  one  mafs  poflefling  the  properties  of  the  native  unfufed 
gems ; 

3.  To  determine  whether  any  other  gems  befides  the  dia¬ 
mond  could  be  diflipated  by  a  flrong  heat;  and, 

4.  To  obferve  what  other  effects  might  be  produced  by  the 
powerful  agents  employed  in  the  experiments. 

The  oxygen  gas  employed  was  obtained  from  oxyd  of  man- 
ganefe  by  expofing  it  to  a  flrong  heat  in  an  iron  retort,  and 
was  received  over  water  in  a  pneumatic  apparatus.  The  ori¬ 
fices  of  the  blow-pipes  were  about  a  fixteenth  of  an  inch  in 
diameter,  and  the  gas  was  difeharged  under  a  prefliire  of 
about  three  pounds  weight  on  the  bell  of  the  gafometer. 

The  view  of  the  apparatus  (Plate  IX.  fig.  1.)  will  convey 
a  very  correct  idea  of  the  gafometer,  and  of  the  arrangements 
made  for  the  laft  experiment,  viz,  the  one  upon  platina. 

3  The 
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The  tub  ABCD,  three  feet  high  and  fixtcen  inches  and  a 
half  internal  diameter,  is  made  of  mahogany,  and  reds  on  a 
low  hand.  A  large  glafs  receiver  E,  open  at  ti]e  bottom, 
nearly  fills  the  diameter  of  the  tub.  This  receiver  is  twenty- 
two  inches  in  height  from  the  lower  edge  to  the  crown, 
about  fixteen  inches  internal  diameter,  and  is  capable  of 
containing  about  ten  gallons  of  gas :  it  afcends  or  defcends 
in  the  tub,  guided  by  the  rod  FG  attached  to  its  top,  and 
paffing  through  the  crofs-bar  HI.  In  this  crofs-har  there  ig 
fome  fimple  wheel-work  worked  by  the  pulley  at  L  (concealed 
in  the  crofs-bar),  and  which,  turning  an  index,  tells  the* 
quantity  of  gas  expended  from  time  to  time,  when  that  cir- 
eumftanee  is  wifhed  to  be  noted.  The  pulley  at  L  is  worked 
by  the  chain  KL  attached  to  the  top  of  the  receiver.  From 
the  pulley  at  L  this  chain  paffes  to  the  pulley  M,  where  it  is 
wound  up  or  let  off  at  pleafure  by  means  of  weights  put  into 
the  (hell  N,  or  removed  thence  to  the  horizontal  plate  O, 
which,  by  means  of  a  focket,  may  be  either  put  on  or  taken 
from  the  top  of  the  rod  FG.  This  contrivance  is  for  the 
purpole  of  enabling  the  operator  to  command  the  preffure  of 
any  required  column  of  water  which  the  tub  can  contain, 
which  is  therefore  made  deeper  than  the  receiver.  To  faci¬ 
litate  this,  the  pulley  M  has  two  grooves  on  its  circumference, 
one  of  which  receives  the  chain  KL,  and  is  equi-diftant  from 


the  centre  all  round ;  the  other,  which  receives  the  cord  to 
which  the  fcale  N  is  attached,  is  not  equi-diftant  from  the 
pivot,  but  in  a  fnail  form,  fo  adjufted  as,  with  a  given  weight 
in  the  fcale  N,  to  counterpoife  exactly  the  glafs  receiver  E, 
whether  wholly  or  partially  immerfed  in  the  water  in  the  tub;, 
fo  that,  when  no  weight  is  on  the  round  plate  O,  the  height 
of  the  water  within  and  outftde  of  the  receiver  will  be  on  a 
level ;  in  other  words,  no  preffure  will  be  exerted  on  the  gas 
it  contains.  By  then  putting  known  weights  on  the  plate  G, 
the  receiver  is  preffed  down  in  the  water  fo  as  to  maintain 
an  uniform  preffure  of  anv  required  column  of  water  during 
the  whole  time  of  the  proccls. 

The  gafomeler  is  charged  in  the  following  manner: — - 
Water  is  firft  poured  into  the  tub  ABCD  (till  full  if  necef- 
farv)  ;■  the  receiver  of  court's  afcends  (no  weight  being  then 
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on  the  plate  0),  filled  with  atmofpheric  air:  at  its  greatef! 
height  its  mouth  ft  exactly  on  a  level  with  the  mouth  P  of 
the  tube  P,Q,  R,S,  bent  at  right  angles  at  Q  and  R,  and 
joined  at  the  end  S  to  the  tube  ab,  each  end  of  which  is 
likewife  bent  at  right  angles  and  fumifhed  with  a  hop-cock. 
The  tube  TU,  fitted  air-tight  to  the  end  b  of  the  tube  ab, 
can  be  taken  off  at  T  without  deranging  the  end  U.  This 
being  taken  off,  and  the  hop-cock  b  being  opened,  a  com¬ 
munication  is  made  between  the  air  in  the  room  and  that  in 
the  receiver;  which  being  now'  prefled  down,  either  by 
the  hand  applied,  or  weights  put  on  at  O,  difeharges  the  air 
it  contains  at  the  opening  at  T ;  the  place  of  which  thus  be¬ 
comes  fupplied  with  water  up  to  the  top  of  the  internal  tube 
at  P,  which  almoh  touches  the  upper  part  of  the  receiver. 
If  the  experiment  require  that  the  portion  of  atmofpheric  air 
contained  in  the  tube  PQ.RS  fhould  be  alfo  removed  (as 
when  oxygen  and  hydrogen  are  to  be  combined  in  the  form¬ 
ation  of  water),  all  that  is  neceflary  is  to  pour  water  into  the 
tube,  through  the  opening  T,  till  all  the  air  be  driven  out  of 
the  tube,  and  its  place  be  occupied  by  water  up  to  the  open¬ 
ing  T.  Fill  alfo  the  tube  TU  with  water.  By  this  means 
the  receiver  and  the  tubes  are  entirely  deprived  of  atmo¬ 
fpheric  air.  To  clear  the  tubes  from  water,  that  the  oxygen 
gas  (or  any  other,  according  to  the  intention  of  the  experi¬ 
ment)  may  find  no  obftrudtion  when  the  receiver  iswifhed 
to  he  charged,  a  large  tin  flafk,  having  a  neck  ground  to  fit 
th  e  cock  Ql,  and  charged  with  oxvgen  gas,  is  joined  to  the 
cock  Q.,  which  mull  then  be  opened  :  the  gas  afeends  from 
the  flafk,  and  the  water  in  SR  and  PQ  takes  its  place.  The 
cock  U  muh  then  be  opened,  to  allow  the  water  in  the  tube 
TIJ  to  defeend  into  the  calk  V. 

Oxvgen  gas  is  then  to  be  transferred  to  the  receiver  from 
a  calk  V,  previoufly  filled  with  it.  The  cock  a  is  kept  flint, 
and  b  opened,  and  water  is  made  to  defeend  from  the  funnel 
W  into  the  -  calk  by  turning  the  cock  c.  The  water,  of 
courfe,  difolaces  an  equal  volume  of  gas  in  the  calk,  and 
forces  it  through  the  tubes  UT,  ba,  and  SRGP  into  the 
receiver  E,  difplacing  the  water  contained  in  it.  While  the 
gas  is  palling  into  the  receiver,  the  funnel  \\  mu  ft  never  he 

allowed 
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allowed  to  ran  itfelf  empty,  otherwife  the  atmofpheric  air 
getting  into  the  bottom  pipe,  a  portion  of  it  might  be  forced 
down  with  the  next  fupply  of  water.  The  receiver  being 
charged  with  gas,  ftmt  the  cocks  c  and  b  for  the  prefent. 

Should  any  experiment  require  more  gas  than  the  receiver 
will  contain,  the  fire  am  may  be  kept  up  dire6f  from  the  calk 
by  opening  the  Communication  UT  bay  and  taking  care  to 
keep  the  funnel  W  well  filled  with  water.  Another  calk 
may  be  joined  to  the  firft  by  a  mode  of  communication  fo 
obvious  that  we  need  not  defcribe  it ;  fo  that  oxygen  gas  may 
eafily  be  fupplied  for  a  length  of  time  fufficient  to  melt  down 
completely  the  whole  internal  arrangements  of  any  furnace. 

In  none  of  the  experiments,  except  the  33d,  were  the  table- 
furnace  and  its  appendages  employed.  In  the  fir  ft  feven,  a 
fimple  blow- pipe  was  joined  to  the  tube  of  the  gafometer, 
and  the  fubftance  to  be  operated  upon,  laid  on  a  piece  of 
ignited  charcoal,  was  expofed  to  the  iffuing  ftream  of  gas. 
It  was  obferved  in  the  courfe  of  thefe  experiments  that  the 
fubftances  feerned  fometimes  to  be  partially  cooled,  by  the 
ftream  falling  on  them  while  the  charcoal  was  moving  about 
to  expofe  the  different  parts  round  the  ftone  to  the  aclion  of 
the  gas.  To  obviate  this  inconvenience,  the  double  blow¬ 
pipe  already  mentioned  was  conftrudted,  the  nozles  of  which 
formed  fuch  -an  angle  as  to  make  the  ftreams  of  blaft  crofs 
each  other.  From  this  it  is  obvious,  that  the  charcoal  placed 
at  any  diftance  from  the  nozles  fhort  of  that  where  the  ftreams 
would  crofs,  received  two  ftreams  of  gas ;  and  that  the  nearer 
the  charcoal  was  brought  to  the  blow-pipe,  the  wider  was 
the  fpace  between  the  centres  of  the  fpots  on  which  the  blaft 
fell.  By  this  means  it  became  eafy  to  expofe  the  gems  and 
other  fubftances  to  the  full  adlion  of  the  caloric  liberated  by 
the  decorripofttion  of  the  oxygen  gas,  without  putting  them 
in  the  way  of  the  undecompofed  ftreams. 

This  double  blow-pipe  is  represented  in  fig.  2.  The 
part  A,  which  joins  the  tube  of  the  gafometer,  turns  air¬ 
tight  in  a  collar  B,  on  the  end  of  the  tube  BC.  On  BC  are 
two  brafs  boxes  d,e,  into  which  are  fitted  the  tubes  fyg} 
which  alfo  turn  in  Sockets  air-tight  for  the  purpofe  of  en¬ 
abling  the  operator  to  move  the  blow-pipes  b,i9  nearer  or 
Vol.  VIII.  U  u  further 
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further  from  each  other.  The  blow-pipes  h,i,  alfo  turn  at 
1,1,  in  the  tubes  fg,  to  enable  the  operator  to  alter  the 
direction  of  the  ftreams,  and  make  them  fall  on  the  char¬ 
coal  m,  at  any  angle  he  pleafes.  The  double  blow-pipe  juft 
defcribed  was  that  employed  in  all  the  experiments,  from  the 
8th  to  the  31ft  inclulive. 


VII.  Extract  of  a  Letter  from  Dr.  Sam.  L.  Mitchill, 
Profeffor  of  Chemijlry  in  Columbia  College,  to  Mr.  Tl  lloch. 

SIR,  New-York,  Dec.  3,  1800. 

• . Considering  aii  things,  1  really 

trull  that  the  weftern  world  is  doing  its  part  in  the  philofo- 
phical  work  of  the  day.  We  have  great  and  excellent  oppor¬ 
tunities  of  obferving  phenomena  here,  and  fome  among  us 
are  diligent  to  let  no  opportunity  be  loll.  The  following 
points  we  think  fully  ellablilhed  : 

1.  There  is  proof  as  pointed  as  it  needs  to  be,  that  the 
fiekly  feafons  which  aftlidi  our  cities  are  accompanied  with, 
and  occafioned  by,  noxious  exhalations,  locally  produced 
either  on  board  fea-veflels,  or  in  ftores,  cellars,  dwelling- 
houfes,  and  links,  in  our  towns. 

2.  When  exifting  in  (hips,  thefe  noxious  productions  are 
not  received  on  board  in  the  ports  of  the  Weft  Indies,  or 
other  places  beyond  fea,  as  is  vulgarly  believed,  but  uni- 
verfally  are  produced  within  the  fides  of  the  vefTel  itfelf,  from 
naftinefs  and  corruption  there. 

3.  Not  only  are  the  exhalations  from  our  corrupting  f fly, 
beef,  and  hides,  and  from  our  abominable  privy-pits,  very 
injurious  to  health,  and  deftrudtive  of  life,  but  thefe  very 
vapours  are  fo  acid  as  to  be  fmelled  and  tailed  by  the  re- 
packers  of  provifions. 

4.  I11  the  alimentary  canal  of  fuch  perfons  as  feed  upon 
beef  and  filh,  and,  generally  fpeaking,  of  lean  animal  fub - 
fiance ,  there  is  formed  a  fimilar  acid ,  whofe  prefence  has 
been  detected,  and  of  a  ftrength  fufftcient  to  curdle  milk, 
to  excoriate  the  fundament,  and  to  effervefee  with  carbonats 
of  alkaline  falls. 

.5-  The 
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5*  The  fame  acid  produCt,  or  fome  modification  of  it, 
which,  when  volatilifed  and  fpread  through  the  atmofphere, 
produces  our  ^/zdemic  fevers  (for  our  annual  difiempers  are 
not  <?/>idemics),  of  the  various  grades  from  intermittent  to 
yellow  and  pefilential ,  does,  when  engendered  in  the  intef- 
tinal  canal,  ftir  up  dyfentery  and  its  concomitant  fymptoms. 

6.  The  excellency  of  alkaline  remedies,  efpecially  the 
neutral  falts,  in  which  foda  is  combined  with  a  weak  acid, 
evinces  the  exigence  of  an  inflaming  and  corroding  fournefs, 
which  being  overcome  either  by  alkalies  per  os  or  per  anum? 
gives  the  patient  great  and  fpeedy  relief. 

7.  The  application  of  the  fame  mode  of  reafoning  to  the 
human  mouthy  which  has  been  employed  with  refpeCt  to  the 
ftomach  and  bowels,  will  explain  the  generation  and  noxious 
effect  of  a.  fimilar  acid  among  the  teeth  and  around  the  gums, 
of  their  corroflon  and  deftruCtion  by  it,  and  of  the  utility  and 
importance  g£  alkalies  as  dentifrices  and  fweeteners  of  the 
mouth . 

8.  An  explanation  is,  on  the  fame  principles,  given  to  the 
manner  in  which  human  garments  grovj  foul  and  pefilential, 
the  excretions  lodged  in  them  degenerating  to  acidity  by  ex¬ 
posure  to  the  air ,  and  thus  becoming  fomites  of  inf e Sion* 
This  infection  never  pofleffing  any  fpecifc  quality,  but  merely 
being  the  acid  offspring  of  common  putrefa&ion.  And  on 
this  depends  the  theory  of  alkalies ,  and  leys  and  foaps ,  in 
deftroying  infeCtion  if  prefent,  or  in  preventing  its  formation, 
and  their  wholefome  and  purifying  power  in  wadiing,  ficour- 
ing,  and  houfekeeping. 

9.  Experiments  lately  made  in  the  New-York  hofpital 
have  proved  to  me  that  foul  and  ill-conditioned  ulcers ,  efpe¬ 
cially  of  the  fiphylitic  kind,  contain  an  acid  fo  conflderable 
as  in  three  or  four  hours  to  turn  litmus-paper  red.  I  have 
found  alkaline  remedies  of  admirable  ufe  in  fuch  furgical  cafes 
locally  applied.  We  are  thus  poffefled  of  a  clue  to  explain 
much  of  the  nature  of  corroding  malignant  and  infectious , 
ulceration ;  of  the  manner  of  flopping  it  by  alkalies  5  and  of 
the  explanation  of  heCtic  fever  from  an  abforption  of  this 
&cid  virus . 

10.  It  is  rendered  plain  of  what  materials  cities  ought  fo 
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he  built  and  paved  to  be  mod  healthy,  to  wit,  the  calcar  eons  ; 
and  that  a  wife  policy  fhould  introduce  marble  and  limeftone 
into  general  ufe. 

it.  The  ufe  of  pit-coal  for  fuel  has  an  additional  recom¬ 
mendation.  During  combuftion  it  affords  much  ammoniac ■; 
and  this  volatile  alkali  is  capable  of  neutralifing  abundance  of 
feptic  acid.  Commonly,  where  the  burning  of  coal  is  ge¬ 
neral,  peftilential  diftempefs  are  more  rare  than  they  ufe  to 
be.  But  my  paper  fails  me  before  I  have  finifhed  my  enu¬ 
meration  :  I  muff  therefore  conclude,  and  leave  the  reft  for  a 
future  communication,  though  not  without  alluring  you  that 
I  remain  yours,  with  much  regard  and  refpedl, 

To  A .  Tillocb,  Efq.  SAM.  L.  MITCHILL. 


VIII.  Extract  of  a  Tetter  from  Profejfor  Abildgaard, 
Secretary  to  the  Royal  Society  at  Copenhagen ,  to  C.  Hu- 
zard,  Member  of  the  French  National  Inftitute ,  on  the 
Quantity  of  Carbon  in  the  Blood*. 

I  SHALL  give  you  the  refult  of  fome  experiments  which 
I  made  and  repeated  to  difeover  the  quantity  of  carbon  that 
exifts  in  the  blood,  and  which  gave  me  lefs  of  that  fubftance 
in  the  arterial  than  in  the  venous  blood. 

i ft,  A  hundred  parts  of  the  venous  blood  of  a  horfe,  when 
dried  in  a  moderate  heat,  gave  26  parts  of  a  fubftance  fo  dry 
that  it  could  be  pulverifed. 

2d,  A  hundred  parts  of  arterial  blood  of  the  fame  horfe 
gave  25  parts  of  dry  fubftance. 

3d,  To  alkalife,  in  the  manner  of  Kirwan,  an  ounce  of 
nitre  by  detonation  (the  ounce  being  480  grains),  required 
392  grains  of  venous  blood,  and  only  160  of  arterial. 

4th,  An  ounce  ©f  venous  blood,  after  being  dried  and  de- 
compofed  in  a  clofe  veffel,  yielded  115b  grains  of  charcoal. 

^th.  The  fame  quantity  of  arterial  blood  gave  only  87*. 
grains  of  charcoal. 

6th,  To  decompofe  480  grains  of  nitre,  required  148  grains 
#  From  the  Amales  de  Cblmie ,  No.  106.  - 
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of  charcoal  of  venous  blood ;  and  to  decompofe  the  fame 
quantity  of  nitre,  required  119  grains  of  charcoal  of  arterial 
blood.  This  experiment,  indeed,  was  not  very  correct,  be- 
eaufe  a  very  light  part  of  the  charcoal  was  diffipated  like  dull* 
7th,  I  feparated  the  red  part  of  the  blood  from  the  ferum 
and  fibrous  part,  as  completely  as  poffible,  by  the  means 
commonly  employed ;  and  after  drying  it,  I  tried  it  by  nitre. 
To  alkalife  480  grains  of  nitre,  required  130  grains  of  this  red 
part  of  the  blood. 

8th,  To  alkalife  by  detonation  480  grains  of  nitre,  required 
202  grains  of  the  fibrous  part  feparated  from  the  ferum;  and 
yet  with  this  part  the  nitre  detonated  more  brifkly  than  with 
the  other  parts  of  the  blood. 


IX.  Analysis  of  the  Honey -Jione ,  or  Mellite.  By 

C.  Vauquelin 

T H  E  analyfes  of  this  done  given  by  Abich  and  Lampa- 
dius  are  well  known.  The  former  obtained  from  100  parts 
of  it,  16  of  carbonat  of  alumine,  4  of  carbon,  3  of  the  oxide 
of  iron,  40  of  carbonic  acid,  28  of  the  water  of  cryftallifation 
having  the  fmell  of  bitter  almonds,  and  5-5  of  naphtha. 

The  latter  had  for  refult  86*4  of  carbon  f,  3*3  of  petro¬ 
leum,  2  of  filex,  and  3  of  the  water  of  cryftallilation ;  which 
makes  an  enormous  difference. 

Mr.  Abich,  confiderins;  the  incombuftibilitv  of  the  mel- 
lite,  propofes  to  remove  it  from  the  clafs  of  combuftibies, 
and  to  place  it  in  that  of  the  incombuftibles.  But  Profeffor 
Klaproth,  whofe  labours  are  entitled  to  the  greateft  confi¬ 
dence,  informed  me  feveral  months  ago  that  he  found  this 

*  Annates  de  Ghimie ,  No.  107. 

f  If  M.  Lampadius  operated  on  the  fame  fubftance  as  that  which  INC 
Abich  and  I  analyfed,  it  is  impolbble  that  he  fhould  have  obtained  864  of 
carbon  ;  for,  in  40  of  carbonic  acid  and  4  of  carbon,  obtained  by  M.  Abich, 
there  was  not  a  Efficiency  to  form  86  of  carbon;  and  as  it  appears  from 
my  analyfis  that  there  is  not  more  than  55  per  cent,  of  real  acid  in  honey- 
ftone,  it  is  evident  that  86  of  carbon  cannot  beextrafted  from  it.  M.  Lam- 
padius  therefore  rauft  have  operated  in  another  manner,  or  did  not  employ- 
heat  Efficient  to  analyfe  the  acid,  if  the  fubftance  he  analyfed  was  really 
honey -ftone. 

pretended 
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pretended  ftone  to  be  competed  of  a  peculiar  vegetable  acid 
united  with  alumine. 

ProfefTor  Abildgaard,  to  whom  I  am  indebted  for  many 
curious  minerals  from  Norway,  fent  me  a  few  weeks  ago,  by 
the  hands  of  M.  Mantey,  a  fmall  quantity  of  mellite,  a  part 
of  which  he  deftined  for  the  purpofe  of  analyfis,  and  I  took 
the  earlieft  opportunity  of  complying  with  his  withes  in 
that  refpeft. 

Hefcription  of  the  Mellite. 

This  fubftance  has  a  light  yellow  colour,  on  which  account 
it  has  been  called  mellite,  or  honcy-ftone  :  it  generally  cryf- 
tallifes  in  odtaedra,  the  angles  of  which  are  fometimes  re¬ 
placed  by  facets  arifing  from  laws  of  decrement,  which 
have  not  attained  to  their  limits.  Its  fpecihc  gravity  is  not 
coniiderable  ;  according  to  Mr.  Abich  it  is  about  i '656.  It 
is  found  in  Thuringia  in  ftrata  of  foffil  and  bituminous 
wood. 

Chemical  Characters  of  Mellite . 

I.  When  expofed  to  the  action  of  heat  in  contact  with 
the  air  this  fubftance  becomes  white,  and  burns  without  be¬ 
coming  fenfibly  charred  :  it  leaves  as  refiduum  a  white  mat¬ 
ter,  which  produces  a  {light  effervefcence  with  acids.  It  has 
no  fenfible  favour,  yet,  if  kept  for  fome  time  on  the  tongue. 
It  occafions  a  faint  impreffion  of  acidity. 

Analyfis. 

II.  I  took  two  grammes  of  mellite,  reduced  to  powder,  and 
mixed  them  with  four  grammes  of  faturated  carbonat  of 
potafh  diftolved  in  a  fufficient  quantity  of  water.  As  foon  as 
the  mixture  was  made  it  produced  a  pretty  ftrong  effer- 
vefcence  without  the  affiftance  of  foreign  heat ;  but  to  acce¬ 
lerate  the  decompofition  of  this  fubftance,  and  render  it 
more  complete,  I  expofed  it  to  a  gentle  heat  on  a  fand  bath. 

The  liquor,  when  filtrated  after  cooling,  had  a  brownifh 
colour,  and  left  on  the  paper  a  brown  matter,  which  when 
dried  in  the  fun  weighed  nearly  o*8  of  a  gramme. 

III.  Thefe  o*8  of  brown  matter,  when  calcined  in  a  cru¬ 
cible,  became  white,  and  weighed  no  more  than  0*33  of  a 

gramme. 
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gramme.  When  mixed  with  fulphuric  acid  diluted  with 
water,  they  produced  a  flight  eflervefcence  :  the  mixture  was 
then  evaporated  to  drynefs. 

According  to  what  had  been  announced  by  Profeflor  Klap¬ 
roth,  I  expected  that  by  the  addition  of  water  almoft  the 
whole  of  the  above  matter  would  be  diflolved  5  but,  on  the 
contrary,  the  greater  part  remained  under  the  form  of  a 
white  powder. 

The  liquor  having  been  evaporated  till  there  remained  no 
more  than  3  or  4  grammes,  I  added  to  it  a  drop  of  the 
fulphat  of  potafh,  and  obtained  by  fpontaneous  evaporation 
about  o*i  gramme  of  alum  mixed  with  a  little  fulphat  of 
lime. 

I  then  examined  the  nature  of  the  matter,  which  when 
treated  with  fulphuric  acid  had  not  diflolved  in  water.  For 
this  purpofe  I  boiled  it  with  a  folution  of  the  carbonat  of 
potaili,  and,  when  filtrated  and  wafhed,  I  had  the  following 
refill  t : 

1  ft.  The  muriatic  acid,  diluted  with  two  parts  of  water, 
attacked  it,  exciting  a  ftrong  effervefcence  ;  but  the  folution 
did  not  become  clear;  on  the  contrary,  it  remained  milky. 

0,(1.  The  liquor,  when  filtrated,  gave  with  ammonia  a 
tranfparent.  precipitate,  refembling  that  ariftng  from  alumine 
by  the  fame  means  ;  but  it  was  not  entirely  foluble  in  pot¬ 
afh.  The  greater  part  however  was  diflolved  by  the  potafh, 
and  exhibited  all  the  characters  of  alumine;  for,  when  com¬ 
bined  with  the  fulphuric  acid,  it  gave  alum.  The  caufe 
therefore  why  this  fubftance  did  not  remain  combined  with 
the  fulphuric  acid  was,  in  all  probability,  its  being  too  much 
heated  towards  the  end  of  the  defecation. 

The  liquor  from  which  the  ammonia  had  feparated  the 
alumine  already  fpoken  of  ftill  gave  flight  precipitates  by  the 
carbonat  of  potafh  and  the  oxalat  of  ammonia ;  which 
proves  that  it  contained  a  little  lime. 

That  portion  of  the  matter  not  diflolved  by  the  potafh 
weighed  at  moft.  o*x  gramme,  and  appeared  to  me  to  be  filex . 
Meliite  then  contains  a  fmall  quantity  of  lime  and  filex. 

After  afeertaining  the  kind  of  matter  which  compofed  my 
refiduum.  I  then  examined  the  liquor,  which  I  concluded 

3  mu  ft 
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muft  contain  acid  of  mellite  united  to  potafh  ;  and  in  tli£ 
hope  that  it  would  give  up  its  bafe  to  mineral  acids,  I  put 
into  a  portion  of  the  liquor  a  few  drops  of  nitric  acid,  which 
produced  a  very  flight  effervefcence,  and  gave  birth  to  a 
ftnall  quantity  of  a  brown  flaky  matter.  Some  hours  after 
what  I  fufpedted  took  place  ;  the  acid  of  mellite  cryftallifed 
under  the  form  of  fmall  fliort  prifms  with  brilliant  facets. 

Finding  that  this  method  might  enable  me  to  feparate  the 
above  acid  from  the  potafh,  I  expofed  the  whole  of  the  liquor 
to  a  gentle  heat,  and  mixed  with  it  fome  nitric  acid' till  it 
had  an  excefs  fenfible  to  the  tafte.  I  then  made  it  pafs 
through  the  filter,  in  order  to  feparate  the  brown  flaky  mat¬ 
ter,  and  to  obtain  the  acid  in  a  purer  ftate.  In  two  cryftal- 
lifations  I  indeed  obtained  about  1*34  grammes  of  it,  which 
were  pretty  white,  though  it  had  ftill  a  yellowifh  tint.  The 
properties  which  it  exhibited  by  its  mixture  with  other  fub- 
ftances  were  as  follow  : 

1  ft.  This  acid  has  brilliant  facets,  a  confiderable  degree  of 
hardnefs,  and  a  flight  acid  favour  accompanied  with  a  little 
bitternefs,  which  may  have  arifen  from  fome  particles  of  bi¬ 
tumen  that  remained  attached  to  it,  and  which  gave  it  a 
yellowifh  colour. 

2d.  A  portion  of  this  acid,  when  expofed  to  the  flame  of 
the  blow-pipe,  exhibited  at  firft  fome  fcintillations  like  Fait- 
petre ;  it  then  fwelled  up,  and  left  a  matter  which  foon  pene¬ 
trated  the  charcoal. 

3d.  When  heated  in  a  covered  platina  crucible,  it  at  firft 
fwelled  up,  then  became  carbonaceous  without  producing  an 
oily  fmoke,  and  left  a  light  charcoal  which  was  exceedingly 
alkaline  *.  This  acid  remained  therefore  united  to  a  certain 
quantity  of  potafh,  notwithftanding  the  excefs  of  nitric  acid 
added  to  its  folution.  The  fame  effedt  took  place  alfo  with 
the  tartareous  and  oxalic  acids,  which  by  thefe  means  pafs  to 
the  ftate  of  acidulous  falts. 

4th.  This  fait  is,  very  little  foluble,  but  I  have  not  been 

This  acid,  on  account  of  the  above  property,  cannot  be  confounded 
with  the  acidulous  tartrite  of  potafh;  for  the  latter  fwells  up  much  more, 
and  during  its  decompofition  emits  a  pretty  thick  fmoke,  which  has  a  pe¬ 
culiar  odour  eafily  diitinguifhed. 

able 
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able  to  determine  exactly  the  proportion  of  water  it  re¬ 


quires. 

5th.  Some  grammes  of  the  fame  acid  diffolved  in  water, 
being  mixed;  iflr,  with  a  folution  of  lime,  immediately  formed 
a  white  flaky  precipitate,  which  foon  depofited  itfelf  at  the 
bottom  of  the  liquor  :  2d,  with  a  folution  of  the  fulphat.  of 
Jime,  a  light  granulated  and  cryftallifed  precipitate,  which, 
left  to  the  water  a  little  tranfparency,  but  which  was  in- 
creafed  and  rendered  flaky  by  the  addition  of  a  drop  of  am¬ 
monia  *  :  3d,  with  a  folution  of  the  muriat  of  barytes,  a 
very  fmall  precipitate  at  firft,  but  forne  moments  after  a  mul¬ 
titude  of  cryftals  in  the  form  of  needles  :  4th,  with  a  folution. 
of  filver,  a  white  precipitate,  filky  and  brilliant  like  a  folution 
of  foap  ;  forne  time  after  it  depoflted  itfelf  under  the  form  of 
duft  :  5th,  with  a  folution  of  lead  by  nitric  acid,  a  white 
pulverulent  and  very  heavy  precipitate  :  6th,  with  a  folution 
of  mercury,  a  white  precipitate  which  was  rendered  black  by 
a  drop  of  ammonia. 

From  the  refult  of  thefe  experiments  it  appears  the  acid  of 
the  mellite  has  a  great  many  properties  analogous  to  thofe  of 
the  acid  of  forrel;  and  by  the  comparifon  which  I  made,  I 
could  perceive  no  other  differences  than  the  following  :  ifta 
The  precipitate  which  it  occafions  in  the  folution  of  ful¬ 
phat  of  lime  manifefts  itfelf  lefs  fpeedily,  and  is  cryftalline, 
inftead  of  being  pulverulent  like  that  formed  by  the  acidulous 
oxalat  of  potafh.  2d,  It  feems  lefs  acid  to  the  tafte  than 
the  acidulous  oxalat  of  potafh,  but  this  may  be  owing  to  my 
not  having  added  to  its  combination  with  potafh  enough  of 
nitric  acid  to  deprive  it  of  a  fufficient  quantity  of  that  alkali. 
3d,  It  fwe-lls  up  a  little  more  by  heat  than  the  acidulous  oxa¬ 
lat  of  potafh. 

n. 

In  a  word,  the  fublimated  fait,  the  large  quantity  of  car- 

*  The  acidulous  tartrite  of  potafh  does  not  immediate  ly  ptcffuce  a  pre¬ 
cipitate  in  a  folution  of  the  fulphat  of  lime,  but  in  24  hours  after  there 
are  formed  in  the  mixture  cryftals  with  very  brilliant  facets,  which  are 
a  compound  of  lime  and  tartareous  acid.  Though  cryftallifed,.  this  tartrite 
of  lime  has  no  refembiance  to  that  produced  by  the  acid  of  honey-ftonc 
with  the  lame  matter;  it  differs  from  it  by  dwelling  up  in  the  fire,  where¬ 
as  the  other  is  decompofed  without  dwelling  up ;  and  in  this  has  an  an-„ 
alogy  to  the  oxalat  of  lime. 
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bonic  acid,  that  of  water,  and  the  fmall  portion  of  charcoal 
which  the  mellite  furnifhes  by  di  (filiation,  are  all  fa&s  which 
feem  to  concur  to  prove  the  identity  of  thefe  two  acids ;  for 
the  fait  of  forrel  exhibits  in  the  fire  the  fame  phenomena  *. 

The  cxStaedral  form  of  the  mellite  feems  alio  to  have  an 
analogy  with  that  of  the  oxalic  acid,  which  is  a  rectangular 
prifm  terminated  by  pyramids  of  four  faces  :  to  be  certain  of 
this,  nothing  is  necefiary  but  to  compare  the  inclination  of 
the  faces. 

However,  as  I  had  at  my  difpofal  only  about  1*34  gramme 
of  this  acid,  I  was  not  able  to  fubjedl  it  to  all  the  tefts  necef- 
fary  to  demonftrate,  in  a  pofitive  manner,  its  identity  in  every 
point  with  the  oxalic  acid ;  for,  though  they  exhibited  ana¬ 
logous  phenomena  in  all  the  comparative  experiments  I 
made,  it  is  poffible  that  by  others  which  may  be  made 
hereafter  there  may  occur  one  difference  fufficient  to  deftroy 
the  refemblance. 

X  have  therefore  puhJifhed  this  notice  chiefly  with  a  view 
of  inducing  the  chemifts  of  Germany,  where  this  fubftance 
is  mod  commonly  found,  to  repeat  the  analyfis  of  it,  and  to 
compare,  under  every  point  of  view,  its  acid  with  that  of 
forrel.  Should  my  opinion  be  confirmed  by  newr  experi¬ 
ments,  we  (hall  then  have  oxalic  acid  in  the  three  kingdoms 
of  nature,  viz.  in  the  flate  of  acidulous  oxalat  of  potafh  in 
feveral  kinds  of  vegetables  ;  in  that  of  oxalat  of  lime  in  hu¬ 
man  urinary  calculi  5  and,  in  the  laft  place,  in  the  hate  of 
oxalat  of  alumine  in  the  interior  of  the  earth  among  bitu- 
rninous  kinds  of  wood  ;  but,  in  whatever  place  found,  it  feems 
always  to  be  indebted  for  its  origin  to  vegetable  matters  f. 

v  X.  j Dr* 

*  The  acid  of  forrel,  or  oxalic  acid,  is  that  which  furnifhes  by  diftilla- 
tion  the  largeft  quantity  of  carbonic  acid  and  water ;  becaufe,  of  all  the 
natural  vegetable  acids  known,  it  contains  moft  oxvgen, 

t  Since  the  above  paper  was  written,  I  conceived  the  idea  of  mixing 
the  acid  of  honey -done,  united  to  a  little  potafh,  with  a  folution  of  pure 
fulphat  of  alumine,  and  there  was  immediately  formed  a  very  abundant 
flaky  depofit :  on  the  other  hand,  I  put  info  a  folution  of  the' fame  fait 
acidulous  oxalat  of  potafh,  but  there  were  no  figns  of  precipitation. 

Thefe  different  effects,  therefore,  ought  to  excite  well-founded  doubts 
re fpe <5i:ing  the  identity  of  the  acid  of  hooey*ftone  and  the  oxalic  acid;  and 

1  -  1  conftfs 


I  335  1 


X,  Dr.  Dickson’s  Tranjlation  of  Carnot  on  tfe 

Infinitefimal  Calculus . 

[Continued  from  Page  240.] 

The  fundamental  Principles  of  the  Infinitefimal  Analyfis^ 


33.  1  HEOREM  I.  —If  in  any  imperfeB  equation  what% 
ever,  there  be  fubjlituted  for  any  o?ie  of  its  component  quanti¬ 
ties,  another  quantity  differing  infinitely  little  from  it,  of 
whofe  ratio  to  the  firfi  hath  unity  for  its  limit,  or  ultimate 
value ;  then,  I fay,  that  the  equation  refulting  from  this  trans¬ 
formation  cannot  be  a  falfe  equation,  that  is,  it  will  become 
abfolutely  exaB,  or,  at  leaf,  will  remain  what  I  call  aft 
imperfeB  equation. 

For  fince,  by  the  hypothecs,  there  has  been  fubftituted  for 
one  quantity  another  of  the  fame  ultimate  value,  and  whofe 
ratio  to  the  former  hath  unity  for  its  limit,  it  is  evident  that 
fuch  fubftitution  could  not  change  either  the  ultimate  values 
of  the  (ides  of  the  propofed  equation,  or  their  ultimate  ratio* 
Now,  by  the  hypothefis,  this  ultimate  ratio  was  ( 1)  unity- 
before  the  fubftitution ;  therefore  it  will  hill  remain  unity  ; 
and  confequCntly  the  equation  will  preferve  the  chara6ter  of 
what  I  call  an  imperfect  one,  if  it  do  not  become  rigoroufiy 
cxa6t.  o.e.d. 


33.  Theorem  II. — An  equation  which  contains  only  of- 
figned  quantities ,  cannot  be  an  imperfeB  equation. 

For,  by  the  definition  of  imperfe£t  equations  (article  31), 
their  fides  are  unequal,  but  differ  infinitely  little  from  each 
other,  their  ratio  approaching,  as  nearly  as  we  pleafe,  to  the 
ratio  of  equality ;  therefore  there  enters  into  fuch  an  equa¬ 
tion  fome  quantity  which  makes  no  part  of  the  fyfiem  of  the 
quantities  propofed.  But  by  the  hypothefis  the  propofed 


I  confefs  that  I  fhall  fufpend  my  judgment  on  this  point,  notwithftanding 
the  inclination  which  X  firfi  had  to  believe  thefe  two  acids  to  be  of  the 
fame  nature.  For  this  reafon,  before  any  thing  can  he  determined,  we 
muft  wait  until  experiments  made  on  a  larger  fcale  throw  more  light  on 
fhe  fubje^T 
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equation  contains  affigned  quantities  only,  and,  confequentl^i 
it  cannot  be  what  I  call  an  imperfect  equation,  a.  e.  d. 

34.  Theo  rem  III. — Every  imperfcdt  equation  which  hath 
undergone  fuch  transformations  as  are  indicated  in  the  frjl 
theorem ,  and  from  which  all  unafigned  quantities  have  been 
eliminated ,  by  thofe  transformations ,  will  be  necejfarily  and 
rigoroufy  exact. 

For,  by  the  firft  theorem,  the  equation  cannot  be  abfo- 
lutely  falfe;  and,  by  the  fecond,  it  cannot  be  imperfect ; 
therefore  it  is  neceflarily  and  rigoroufly  exa£t.  q,e.d.# 

35.  Corollary. — All  that  hath  been  faid  on  the  fubje<5t 
of  imperfect  equations,  ought  to  be  under ftood  of  all  the  pro¬ 
portions,  proportions,  and  reafonings  whatfoever,  which  can 
be  exprefled  and  delivered  by  fuch  equations. 

The  leading  Principle  of  this  Analyjis . 

36.  Scholium. — Such  are  the  general  principles  into, 
which  the  theory  of  the  Infinitefimal  Calculus  is  refolvable. 
From  thefe  principles  it  appears,  that  if,  after  exprefling  the 
conditions  of  a  problem  in.  imperfect  equations,  we  arrive,  by 
means  of  fuch  transformations  as  are  indicated  in  the  firft 
theorem,  at  the  elimination  of  all  auxiliary  or  unafligned 
quantities,  a  compenfation  of  errors  mult  neceffarily  have 
taken  place,  in  the  courfe  of  the  procefs.  It  further  appears, 
that  the  advantage  of  the  Infinitefimal  Calculus  confifts  in 
this,  That,  the  conditions  of  a  queftion  being  often  very  diffi¬ 
cult  to  be  exprefled  accurately  by  rigorous  equations,  it  i* 
eafy  to  do  -it  by  imperfect  equations,  from  which  as  certain 
refultscan  be  derived,  as  if  the  original  equations  had  been 
perfectly  accurate;  and  this  by  the  Ample  expedient  of  eli¬ 
minating  the  quantities  whofe  prefence  occafioned  the  errors. 

*  The  word  falfe,  as  before  intimated  (in  the  Note  on  §  9),  feems  by 
far  too  ftrong  a  term  to  be  applied,  in  any  allowable  ienfe,  to  luch  equa¬ 
tions  as  the  author  is  coniidering.  He  fhould  have  defined  it,  and  adhered 
'to  his  definition  ;  for,  in  art.  31,  he  ufes  falfe  and  imperfect  as  convertible 
terms,  and,  in  art.  32  and  33,  he  takes  them  in  oppofite  fenfes.  This 
unfteadinefs  renders  his  meaning  fomewhat  ambiguous.  But  if,  by  falfe 
or  imperfect  equations,  he  uniformly  mean  fuch  whofe Tides  differ  infinitely 
little  from  equality,  then  his  whole  meaning  becomes  clear,  and  his  three 
theorems  >almolt  felf-evident.— W»  D. 
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4  he  reafon  of  this  procedure  is  fimple.  Suppofe  we  have, 
%ccafion  to  inveftigate  the  relations  which  fubfift  between  fe~, 
veral  propofed  quantities.  If  it  be  difficult  to  find  dire&ly 
Equations  to  exprefs  thefe  relations,  we  naturally  recur  to 
fomc  intermediate  quantities,  which  may  ferve  as  terms  of 
Con] pari fon.  By  this  means  we  obtain,  if  not  the  very  equa¬ 
tions  fought,  at  leaft  other  equations,  in  which  the  propofed 
quantities  are  blended  with  auxiliary  ones ;  and  there  can  be 
no  queftion  that  thefe  laft  ought  to  be  eliminated.  But  if, 
additionally,  the  values  of  thefe  auxiliary  quantities  be  arbi¬ 
trary,  and  may  be  fuppofed  as  fmall  as  we  pleafe,  without 
affecting  the  propofed  quantities,  it  is  eafy  to  fee,  that,  if  in 
the  equations  expreffing  the  relations  fought,  arbitrary  quan¬ 
tities  be  mixed  with  propofed  ones,  each  of  thefe  equations- 
may  be  decomposed  into  two,  one  containing  affigned,  and 
the  other  arbitrary  quantities.  It  is  nearly  in  this  manner, 
that  an  equation  containing  real  and  imaginary  quantities 
may  be  decompofed  into  two  equations,  the  one  confiding  of 
real,  and  the  other  of  imaginary  quantities.  Now,  as  w t 
only  want  the  equation  which  exifts  bet1  een  the  propofed 
quantities,  it  is  evident  that,  in  thefe  equations  where  they 
are  mixed  with  arbitrary  ones,  we  may  fafeiy  negledt  the 
quantities  which  embarrafs  our  calculation,  when  the  refus¬ 
ing  errors  can  only  afifedt  the  equation  between  the  arbitrary 
quantities  which  it  contains.  Now  this  is  precifely  what 
takes  place  in  the  Inffnitefimal  Calculus,  where  we  confider 
infinitely  fmall  quantities  as  nullities  when  compared  with 
finite  ones. 

In  order  to  render  this  explanation  dill  clearer,  let  us  re¬ 
fume  our  former  example.  In  article  9,  we  found 


TP  +  T'T  =  y 


MZ 


and 


MZ  2y  +  RZ 


RZ ,  RZ'  ~  za  -  2*  -  MZ 
Thefe  two  equations  are  both  perfectly  exact,  whatever  be  the 
values  of  MZ  and  RZ .  Deducing,  then,  from  the  fir  It  equation, 

the  value  of  -  and  fubffituting  it  in  the  fecond,  I  get 

iiZ 


TP  +  T’T 


ly  -f-  RZ 

MZP 


y  2a  —  2X 

;and  this  equation  is  accurate,  as  it  ought  tg  be,  whatever 

dl  fit  a  ne  e 
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diftance  we  may  fuppofe  to  intervene  betwixt  the  lines  RS 
and  MP. 

Now,  it  is  eafy  to  fee  that  this  laft  equation  is  fufceptlble 
of  the  following  form  : 

(TP  y  \  (T'T  yMZ  +  aRZ  —  xRZ  \ 

(-7-— )+(■ 


a  —  x 


y 


(a—x)  .  (2«  —  2x  —  MZ)  ) 


=  O* 


9 

an 


*  As  this  equation  appears  to  be  erroneous,  I  fhall  examine  it 
throughout ;  putting,  for  brevity,  TP  —  s,  T  ‘T  —  s ,  MZ  =  x, 
RZ  ~j.  The  equation  immediately  preceding,  in  this  notation,  is 

J  +  i  2V  +  v  s  s  2  V  +  V 

-  = - 1 - r>  or - 1 - -  =  - - £ - r» 

y  2 a  —  2x  —  x  y  y  2a  —  2x  —  x 

which  being  made  —  o,  is  -f  — )  —  f - ^  =0, 

'  y  y  '  \  2a  —  2x  —  x> 


Now,  (by  article  9)  s 


y  s 

— - ,  or  —  = 

a  —  x  y  a  ~x 


y  s  y 

- ,  or - 

y  a  —  x 


and  this  will  be  the  firft  memberof  the  new  equation,  which  is  to  contain 
what  our  author  calls  “aifigned”  quantities  only, as  the  fecond  member 
is  to  contain  none  but  “  auxiliary”  quantities.  The  firft  part  of  the 

s 

fecond  member  is  obvioufty  — ,  an  auxiliary  quantity  •  and,  in  order 

- 1 - - - )  alfo  wholly  auxili- 

2a  —  2x  —  x* 

ary,  we  multiply  both  the  numerator  and  denominator  by  a—x  (or 

yy 

by  its  equal  — — ,  by  art.  9).  This  multiplication  by  a—x,  gives 

•V 

the  latter  part  of  the  numerator  ay  —  xj\  and  thus  far  the  author’s 
new  equation  is  right. 

But  the  auxiliary,  equivalent  to  the  afligned  quantity  2y  .  (a  —  x), 
cannot  be  what  he  makes  it ;  for,  as  we  have  juft  feen,  a  —  x  =3 

Vy  .  2y2y 

ZM,  and  therefore  it  fhould  be  2y  .  (a  —  x )  =  - . 


Now  the  author  has  2 y  .  (a—x)  —  yx,  and  confequently,  if  his. 
refult  he  right,  we  fhould  have, 

i  2y*y 


V 

But  (by  art.  9,  again) 


Therefore 


ax  —  xx 

y 


x  ax  »va* 

^  and  y  zzz  — — — ^ 
a  —  x  y  y 

2i 


X  i  JC 

— ,  and  a  —  x  =  — ; 
2y  2 


But  this  being  plainly  impoftible,  I  conclude  that  2 y  .  (a—x)  =2. 

gr  2yzy  :  x  ^  =  2ya  .  (RZ  1  MZ)  in  o^r  author’s  notation  J 

and 
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An  equation,  the  firft  term  of  which  contains  only  given 
quantities,  and  the  fecond  only  arbitrary  quantities,  which 


and  that  the  new  equation  fhould  be, 

/  s  _  y  \  /  J_ _ :  x  +  ay  —  xy  \  __  ^ 

\  y  a  —  x'  V  y  (a  —  x)  .  (za  —  2x  —  a)  ' 

0V(1L_  _M  +  (T'T  2y*.(RZ:MZ)+aRZ-xRZ\ 

\  y  a  —  x)  \  y  (a—x).(2a  —  2x  —  MZ)  * 

and,  in  this  laft  manner,  1  fhall,  in  future,  take  the  liberty  to  write  it. 
If  the  value  o £  a  —  x  had  been  taken  from  the  accurate  equation 
x  2  y  Hh  y 

(in  article  o)  —  1 — - — - - r,  we  fhould  then  have  had 

y  2  a  —  2x  —  x 

2 y  •  (a~x)  —  (2 y2y  +  yf  +  j*2)  :  x; 
fo  that,  in  rigid  Jlridnefs ,  the  new  equation  fhould  be, 

/  S  jy  \  /_j _ (2 fy  +  yyz  +  yxz)  :  x  +  ay  —  xy 

\  y  a—x)  \  y  ( a  —  x)  .  (2 a  —  2x  —  x) 

Now,  though  y 2  and  x1  be  infinitely  lefs  Jlill  than  their  infinitely 
fmail  roots  y  and  x,  and  confequently yf-  yx%  infinitely  lefs  than 
2yy,  and  thus  may  be  fafely  neglected;  yet  it  would  not,  perhaps, 
have  been  amifs,  if  the  author,  while  he  was  exhibiting  all  his  quan¬ 
tities,  had  brought  them  alio  into  view. 

Some  readers  may  be  furprifed  at  the  mention  of  quantities  infi¬ 
nitely  lefs  than  infinitely  fmail  ones.  But  their  wonder  will  ceafe 
when  they  recolledt,  That  if  any  integer,  or  any  fraction,  be  multi¬ 
plied  by  a  fraction,  the  produdt  will  be  lefs  than  the  multiplicand, 
and  will,  in  fa 61,  be  only  fuch  apart  of  the  multiplicand,  as  the  mul¬ 
tiplier  is  of  unity.  Thus,  if  *000000000000 1  (prefixing  cyphers  ad 
infinitum)  be  multiplied  by  any  other  interminably  or  inconceivably 
fmail  fraction,  the  produif  will  be  only  fuch  an  inconceivably 
fmail  part  of  the  already  inconceivably  fmail  multiplicand,  as  is 
expreffed  by  the  inconceivably  fmail  multiplier:  in  other  words,  the 
produdt  (relatively  to  our  conceptions)  may  be  laid  to  be  infinitely 
lels  than  the  infinitely  fmail  multiplicand.  In  like  manner,  xy  may 
reprefent  a  re6t:  ngle,  whofe  breadth  x  is  infinitely  fmail  compared 
with  its  lengthy,  which  may  be  any  finite  line,  or  it  may  even  be  an 
indefinitely  or  infinitely  great  line.  But  now  fuppofe  y  alfo  to  be  in¬ 
finitely  fmail,  or  to  become y;  then  it  is  eafy  to  fee,  that  this  fecond 
reClaugle  xy,  both  whole  dimenfions  are  infinitely  (mail,  will  be  in¬ 
finitely  lefs  than  the  firfl  redtangle  xy,  which  has  only  one  of  its 
dimenfions  infinitely  fmail.  Thus  alfo  the  fquares  xz  and  f  wilL 
be  infinitely  lefs  than  their  infinitely  fmail  roots  x  and  y,  and  the 
cubes  x^  and  y3,  than  the  fquares  xz  and  f,  &c. — Ncyue  enim  novit 
.natura  limit  ein. 

Were  this  the  proper  place,  we  might  recommend  thefe  and  many 
analogous  confiderations,  both  mathematical  and  metaphyfical,  to 
the  ferious  attention  of  certain  gentlemen,  who,  without  abating  a 
tittle  from  their  high  pretentions  to  accurate  reafoning,  fcruple  not 
to  tell  us,  in  very  general  terms,  <e  that  they  cannot  believe  any 
thing  which  they  cannot  conceive  or  comprehend.”— W.  D. 
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lift  may  be  fuppofed  as  fmall  as  we  pi  cafe,  without  adhering' 

the  quantities  in  the  firft  term;  becaufe  we  may  fuppofe  RS 

to  be  as  near  as  we  please  to  IMP.  Agreeably,  therefore,  to 

the  theory  of  indeterminate  quantities,  each  of  the  terms 

of  this  equation,  taken  feparately,  muft  deiiroy  itfelf,  or  be 

equal  to  nothing ;  that  is,  this  equation  may  be  refolved  or 

decomposed  into  two  others,  namely, 

,  TT  2yz.  (RZ  :  MZ)  -f  aRZ-xRZ 
0,ancl - - -  - - Oj 


TP 


y  a  —  x  '  y  (a — x)  .  (2 a  —  2x  —  MZ) 

the  firft  of  which  equations  contains  only  aflifrned  quantities, 
and  the  fecond  none  but  arbitrary  ones.  But  aftigned  quan¬ 
tities  alone  are  necefifary  to  our  purpofe ;  for  they  give  its  the 
required  value  of  TP,  the  fame  that  we  before  -found  it, 
When,  therefore,  we  have  even  committed  errors  in  the 
eourfe  of  the  calculation,  the  exadlnefs  of  the  refult  will  not 
be  affedted,  provided  that  thofe  errors  are  confined  to  the  fe¬ 
cond  equation.  And  this,  in  fadt,  is  the  fame  thing  which 
would  have  happened  if  we  had  con  fid  ere  cl  MZ,  RZ,  and 
TrT,  as  nullities,  in  comparifon  with  the  quantities  a,  x,  and 
y.  We  fliould,  indeed,  have  committed  errors  in  exprefilng 
the  conditions  of  the  problem  ;  but  thefe  errors  would  have- 
deftroyed  each  other  by  compenfation,  and  the  required  refult 
would  not,  in  any-  refpeef,  have  been  altered. 


The  Infinite fmal  Analyjis  is  only  an  Application  or  Jbxtcnjiort 
of  the  Method  of  proceeding  in  Indeterminate  Problems. 

37.  From  what  has  been  fa:  /  it  will  be  eafv  to  perceive 
that  the  Infrnitefimru  Analyfis  is  nothing  elfe  than  an  appli¬ 
cation,  or,  if  you  will,  an  extenfion  of  the  Method  of  Inde- 
terminates.  For,  agreeably  to  that  method,  I  fay,  that  when 
we  neglect  an  infinitely  final!  quantity,  we  do  nothing  more, 
property  fpeaking,  than,  underjland  it,  and  do  not  fuppofe  it 
to  be  nothing.'  Thus,  when  inftead  of  the  two  exadt  equa¬ 
tions,  found  in  article  9,  namely, 


TP  -f  T’T  —  MP 


MZ 
RZ ’ 


,  MZ 
and  ~  = 


2 y  4-  RZ 


RZ 


1  employ  the  two  imperfedl  equations, 

MZ 

hz 


A/17 

TP  5=  MP  and 


2,a  —  2x  — 


v 


7* 


a  —  x 


I  know 


a 
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f  know  very  well vthat  I  am  committing  an  error,  and  I  put 

the  equations,  mentally ,  fo  to  fp.eak,  into  this  form, 

MZ  ■  y 

-  — — -  4-$'; 


TP  +  <p,  and 


RZ 


$  and  <p!  being  fuch  quantities  as  the  former  equations  want 
to  render  them  exa£t.  In  like  manner,  in  the  equation 
TP  y 

-jij-p  —  ,  refulting  from  the  above  two  imperfect  equa- 

TP 

■tions,  I  underjland  the  quantity  q>" ,  being  fuch  that  \~jjt, 
y  % 

—  ~a'Cr~x  !  d”  r  ~  may  an  exa&  equation.  But  I 

know  well  enough,  that  this  laft  quantity  (p"  is  equal  to  zero; 
or,  at  lead,  that  it  is  only  an  infinitely  fmalj  quantity,  fince 
nodnfinitefimal  enters  into  the  firft;  term.  Now  this  cannot 
happen,  unlefs  each  of  the  terms,  taken  feparately,  be 
equal  to  nothing;  whence  I  conclude,  that  I  have  ex  a  £11  y 
TP  y 

~ — -5  fo  that  the  quantities  (p,  <p!  and  cp1f  have  not 

■been  fupprefled  as  nullities,  but  only  underjlwd ,  in  order  to 
limplify  the  calculation. 

Again  :  if  X,  for  example,  be  an  arbitrary  quantity,  which 
may  be  rendered  as  fmall  as  we  pleafe,  and  if  there  were 
given  an  equation  of  this  form, 

A  +  BX  +  CX2  +  &c,  =  o, 

A,  B ,  C,  &c,  being  independent  on  X,  this  equation  cannot 
•exift,  unlefs  it  be  A  —  o,  B  —  o,  C  —  o,  &c. ;  that  is, 
unlefs  each  term,  taken  feparately,  whatever  be  their  num¬ 
ber,  be  equal  to  zero.  And,  for  the  fame  reafon,  if  we  have 
an  equation  of  this  general  form,  P  +  o;  fo  that  P 
may  be  a  fun&ion  of  the  quantities  given  or  determined  by 
the  conditions  of  the  problem ;  and,  on  the  other  hand,  Q, 
a  quantity  which  we  may  fuppofe  as  fmall  as  we  pleafe,  we 
fhall  neccffarily  have  P  =  o,  and  j^=  o.  But  fuch  is  pre-' 
cifely  the  nature  of  the  equation  in  the  laft  article,  namely, 
f  TP  y  \  /  r  T  __  2 y*.(RZ:  MZ)  4  aRZ  -  xRZ\  __ 

\jv  <2  —  \  y  (a  —  a)  .  (2  a  —  2^  —  MZ')  ) 

Therefore  each  of  the  terms  of  this  equation,  taken  fepa¬ 
rately,  is  equal  to  zero;  and  confequently,  the  quantities 
T'T,  MZ  and  RZ ,  which  enter  not  into  the  firft  term,  may 
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be  negle<ffed,  in  the  courfe  of  the  calculation,  without  alter- 

jog  that  firft  term. 

The  Infinitefimal  Analyfis,  therefore,  differs  from  the 
method  of  indeterminates  only  in  this,  that  in  the  former* 
quantities  which,  were  they  allowed  to  remain,  would,  in  the 
end,  always  deftroy  one  another,  are  treated  as  nothing,  or 
rather  are  underjlood  throughout  the  calculation;  while,  in 
the  Method  of  Indeterminates,  we  wrait  till  the  end  of  the 
calculation,  and  then  cancel  the  arbitrary  quantities  which 
ought  to  be  eliminated.  This  laft  method  may  therefore  very 
eafily  be  made  to  fupply  the  ufe  of  the  Infinitefimal  Calculus, 
without  the  help  of  imperfect  equations,  and  without  com¬ 
mitting  any  error  in  the  courfe  of  the  calculation. 

38.  There  is  yet  another  method  of  coming  at  the  refults 
of  the  Infinitefimal  Analyfis,  without  overpaffing  the  bounds 
of  ordinary  algebra;  and  that  is,  by  the  Method  of  Limits,  or 
Ultimate  Ratios.  For  though  this  analyfis  be  founded  entirely 
on  the  properties  of  limits  and  ultimate  ratios,  it  differs  never- 
thelefs  from  what  is  properly  called  the  method  of  limits,  in, 
this,  that  in  the  latter,  the  quantities  which  we  call  Infini- 
Tefimal,  do  not  enter  feparately  into  the  calculation,  nor  even 
their  ratios,  but  only  the  ultimate  values  of  thefe  ratios, 
which  being  finite  quantities,  do  not  fo  properly  conftitute 
this  method  a  particular  calculus,  as  a  fimple  application  of 
ordinary  algebra. 

The  bufinefs  before  us,  then,  is  by  barely  introducing  into 
ordinary  algebra,  not  Infinitefimal  quantities  themfelves, 
but  the  ultimate  ratios  of  thefe  quantities,  to  fupply  the 
means  which  the  Infinitefimal  Analyfis  furnifhes,  for  dif- 
covering  any  properties,  ratios  and  relations  whatfoever,  of 
the  magnitudes  which  conftitute  any  propofed  fyftem ;  and 
this  is  that  which  is  properly  called  the  Method  of  Limits. 

To  explain  the  procedure,  and  give  fome  idea  of  the  fpirit, 
of  this  method,  we  fhall  again  refume  the  example  before 
treated  of. 

Explanation  oj  the  Method  of  Limit 5,  properly  fo  called . 

It  is  evident,  from  what  was  delivered  in  article  9,  that, 
MZ  TP 

though  be  not  equal  to  ,  vet  the  firft  of  thefe 
u  Rii  1  MP  * 

3  •  quantities 
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Quantities  differs  fo  much  the  lefs  from  the  fecond,  as  RS 


MZ 


approaches  nearer  to  MP ;  or,  in  other  words,  that 


TP 

is  an  imperfedt  equation ;  but  that  (putting  L  for  the; 

j^iy  rpp 

limit,  or  the  ultimate  value,)  L  .  —  jfp  is  a  perfect/ 

or  rigoroufly  exadf,  equation. 


In  like  manner,  L  .  -  =  y 

rtZ 


is  proved  to  be  a  per- 
fedt,  or  rigoroufly  exadt,  equation.  Equating  then  thefe  two 


a  —  x 


values  of  L  .  there  arifes,  as  before, 


TP 

MP 


RZ 


-  ,  or  (MP  being  =  jy)  TP  — 

a  ^  ►'t- 


y 

a  —  x 


Thus,  this  new  calculus  contains  neither  the  infinitely  fmall 


MZ 


quantities  MZ  and  RZ}  nor  even  their  ratio  5  hut  only 


the  limit  or  ultimate  value  of  that  ratio,  namely,  L  . 


MZ 

RZ 


which  is  a  finite  qbantity. 

39.  If  this  method  could  be  always  as  eafily  put  in  pradticd 
as  the  ordinary  Inflnitefimal  Analyfis,  it  might  even  appear 
the  moft  eligible  of  the  two  :  for  it  would  have  the  advantage 
of  condudiing  us  to  the  fame  refults,  by  a  path  which  is 
always  dire6t  and  luminous ;  whereas  the  olher  condudts  us 
to  the  truth,  only  after  having  niade  us  traverfe,  fo  to  fpeak, 
the  regions  of  error. 

But  it  muff;  be  owned  that  the  Method  of  Limits  is  attended 
with  a  confiderable  difficulty,  which  has  no  place  in  the  ordi¬ 
nary  Infinitefimal  Calculus.  In  the  former,  the  infinitely 
fmall  quantities  carinot,  as  in  the  latter,  be  feparated  from 
each  other;  and  thefe  quantities  being  always  connedted  two 
and  two,  afford  no  opportunity  of  introducing  into  the  com¬ 
binations,  the  properties  of  each  in  particular,  or  of  fubjedt- 
ing  the  equations  into  which  they  enter,  to  thofe  transform¬ 
ations  which  may  afiift  in  their  elimination.  This  difficulty 
is  much  lefs  felt  in  the  operations  thehifelves,  than  in  the 
preparatory  and  fuppletnental  propofitions  and  reafonmgs. 

Y  y  z 
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The  Origin  of  the  Name ,  Infinitely  Small  Quantities. 

40.  From  what  has  been  faid  (in  article  3.)  on  the  origin 
which  the  Infinitefimal  Analyfis  might  have  had,  it  appears, 
that  the  quantities  called  Infinitely  Small,  received  that  name 
froni'it’s  being  at  firlt  believed  that  it  was  necelfary,  for  the 
fuccefs  of  the  calculations  in  which  they  were  employed,  to’ 
attribute  to  thole  arbitrary  quantities  values,  which  were  really 
Ms  than  any  which  could  be  recognized  by  the  fenfes,  or 
conceived  by  the  imagination.  But  a  better  digested  theory 
has  made  it  appear,  that  fuch  a  fuppofition  is  unneceffary  y 
fince  the  fuccefs  of  this  calculus  proceeds  not  from  the  atte¬ 
nuation  of  thofe  arbitrary  quantities,  but  folely  from  the 
compenfation  of  errors  which  they  occafion  in  the  procefs. 

We  have  feen  indeed,  in  illuftrating  the  example  fo  often 
adduced,  that  the  procedure  and  the  refults  of  the  calculation 
were  precifely  the  fame,  whatever  value  we  attributed  to  the 
infinitely  fmall  quantities  MZ  and  RZ,  and  that  confequently 
the  character  of  this  kind  of  quantities  confifts  not  in  their 
real  minutenefs,  but  rather  in  their  being  abfolutely  indeter¬ 
minate,  that  is,  in  their  property  of  remaining  arbitrary 
throughout  the  calculation,  and  fo  independant  on  the  pro- 
pofed  quantities,  that  we  can  always  take  them  as  fmall  as 
we  pleafe,  without  changing,  in  any  refpe£b,  the  conditions 
of  the  problem. 

Infinitefimal  quantities,  as  was  ohferved  in  article  24,  are 
by  no  means  chimerical  beings,  but  limply  variable  quan¬ 
tities,  characterized  by  the  nature  of  their  limit,  which  is  o 

for  infinitely  fmall  quantities,  and  ~~  for  thofe  which  are 

infinitely  great.  To  thefe  indeterminate  quantities,  as  well 
as  to  all  other  indefinite  quantities,  may  be  fucceffively  attri¬ 
buted,  divers  arbitrary  values,  and  among  thofe  values  ought 
to  be  included  the  ultimate  values  of  all,  that  is,  o,  for 

quantities  infinitely  fmall,  and  —g~  for  thofe  which  are  infi¬ 
nitely  great;  ■  .  . 
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D'ljYtnciion  oj  Mathematical  Infinity  into  Senfible  and Ahfiolute . 

41.  This  obfervation  leads  to  the  diftindfion  of  mathema¬ 
tical  infinity  into  two  kinds,  namely,  fienfible,  or  a  finable, 
infinity,  and  ahfiolute ,  or  metaphyfical ,  infinity,  which  is  the 
limit  of  the  former.  ' 

If  then,  to  any  infinitely  fmall  quantity,  be  affigned  a 
deteimmate  value,  which  .is  not  o,  this  value  will  be  what  I 
call  a  fienjible,  or  afiignable ,  Infinitefimal ;  whereas,  if  this 
value  be  the  laft  of  all,  that  is,  if  it  be  abfolutely  nothing,  it 
will  be  what  I  call  an  ahfiolute ,  or  metaphyfical,  Infinitefimal, 
which  I  (hall  alfo  diftinguifti  by  the  name  of  an  evaneficent. 
quantity.  Thus  an  evanefcent  quantity  is  not  that  which  is 
generally  called  an  infinitely  fmall  quantity,  but  only  the 
ultimate  value  of  that  quantity.  It  is  only,  i  fay,  a  deter¬ 
minate  value  which,  like  any  other  value,  may  be  attributed 
to  that  arbitrary  quantity,  which  is  generally  denominated 
infinitely  fmall. 

42.  1  he  confideration  of  thefe  evanefcent  quantities  would 
be  almoft  ulelefs,  if  111  calculation  we  were  reftncted  to  treat 
them  as  fimple  nullities;  for,  in  that  cafe,  they  would  pre- 
fent  only  the  vague  ratio  of  o  to  o,  which  is  no  more  equal 
to  2  than  it  is  to  3,  or  to  any  other  quantity  whatfoever. 
But  it  muft  not  be  forgotten,  that  thefe  nullities  are  here 
inverted  with  particular  properties,  as  the  ultimate  value  of 
indefinitely  fmall  quantities,  whofe  limits  they  are;  and  that 
the  particular  epithet,  evaneficent ,  is  applied  to  them  in  order 
to  denote,  that,  of  all  the  ratios  and  relations  of  which  they 
are  fufceptible  in  quality  of  nullities,  no  other  is  confidered 
as  entering  into  the  calculation,  than  thofe  which  the  law  of 
continuity  affigns  to  them,  when  the  fyftem  of  auxiliary 
quantities  is  fuppofed  infenfibly  to  approach  to  the  fyftem  of 
affigned  quantities.  This  idea  is  what  fome  great  o-eometri*. 
cians  have  thought  they  could  eXprefs,  when  they  fa-id,  that 
evanefcent  quantities  were  quantities  confidered,  neither 
before  nor  after  they  had  vanifhed,  but  in  the  very  inftant  of 
their  vanifhing  *. 

For 

*  (C'ejl  ce  que  eh  grands  geometres  ont  cru  pounjoir  exprimer,  &c.q 
The  author  here  plainly  alludes  to  Sir  I.  Newton,  the  author  of  this 

doctrine 
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For  example,  in  tlie  cafe  before  adduced,  as  long  a s  RS 

;  •  ,  ,  .  pypv  ,  (  •  • 

does  not  coincide  with  MP}  the  fraction  ~wy  is  greater  than 

TP  ■  ........  t  . 

nor  do  thefe  fractions  become  equal,  till  MZ  and  RZ 


MZ 


are  reduced  to  nothing,  ft  is  true,  that  then ]  is  as  milch 


RZ 
becaufe 


is  a 


,  <  TP 

equal  to  any  other  quantity  as  to  —  ; 

quantity  altogether  arbitrary  \  but,  artiong  all  the  different 

values  which  may  be  fuppofed  to  have*  —  is  the  only 

one  which  is  fubjedted  to  the  law  of  continuity  and  deter¬ 
mined  by  it.  For,  if  a  curve  were  conftrudted,  whofe  abfciffe 


dodlrine  bf  prime  and  ultimate  ratios,  and  of  the  whole  method  of 
Flu  xioris.  That  great  man,  in  the  concluding  fcholium  of  Se£t.  i.  B  i. 
of  the  Pr  in  dpi  a,  has  thefe  words ;  “  Objediio  eft ,  &c,”  “It  may  be  ob¬ 
jected  that  evanefcent  quantities  have  no  ultimate  proportion  ■,  for  thatj 
before  they  vanifti,  that  proportion  cannot  be  the  laft,  and  after  they  have 
vaniflied,  it  is  nothing.  But,  by  the  fame  argument,  when  a  moving  body 
Hops  at  a  certain  place,  it  may  be  faid  that  it  has  no  ultimate  velocity,  for¬ 
th  at,  before  the  body  reaches  that  place,  the  velocity  is  not  the  ultimate 
Velocity,  and  when  it  has  reached  the  place,  the  velocity  is  nothing.  The 
anfwer  is  eafy  ;  for  by  the  ultimate  velocity  is  meant  the  velocity  of  the 
body,  neither  before  it  reaches  its  laft  place,  not  after  it  has  reafched  it, 
but  that  velocity  with  which  it  actually  reaches  it  ;  that  is,  the  very  velo¬ 
city  with  which  the  body  attains  its  laft  place,  and  comes  to  reft.  In  like 
manner,  by  the  ultimate  ratio  of  evanefcent  quantities  is  to  be  underftood, 
the  ratio  of  thofe  quantities,  neither  before ,  nor  after  they  vanifh,  but  the 
ratio  with  which  they  vani/h.  And  thus  alfo  the  prime  ratio  of  nafeenfi 
quantities  is  that  ratio  with  which  they  firft  ftart  into  exiftence,”  & c. 

Though  but  a  humble  and  diftant  follower  of  Newton, 

9fuem  longe  fequor ,  et  rueftigia  promts  adore, 

I  fee  nothing  that  could  hinder  him  from  “  thinking  he  could  exprefs  ” 
the  fundamental  principle  of  this  doCtrine  by  fuch  language.  For  my 
own  part,  I  muft  frankly  fay,  that  the  fcholium  whence  it  is  quoted,  con¬ 
veys,  or  fuggefts,  that  principle  more  clearly  to  my  mind,  than  all  that  our 
ingenious  author  and  others  have  written  on  the  fubjeCt.  But  we  do  not 
all  fee  things,  with  equal  clearnefs,  in  the  fame  point  of  view.  Some  of 
my  fuperiors  in  genius  and  knowledge  have  a  different  opinion  of  that 
fcholium,  and  of  the  reft  of  Newton’s  fluxionary  doCtrine,  as  delivered  by 
himfelf,  and  even  as  explained  by  Ditton,  Simpfon,  and  others.  To  fuch 
X  would  recommend  the  prefent  perfpicuous  tradt.-— W*  D. 

was 
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^vas  the  indefinitely  fmall  quantity  MZ,  and  It’s  ordinate 

I^IZ 

proportional  to  ,  that  which  would  anfwer  to  the  ab~ 


RZ 


TP 


fciffe  o,  would  be  r$prefefttpd  by  —  ,  and  not  by  an  arbi¬ 
trary  quantity.  Now  this  is  what  diftinguiflies  the  quantities 
which  I  call  evapefcent  from  thofe  which  are  limply  nothing. 

Thus,  though  in  general  we  have  o“2Xo,  =  3X0, 
=  4X0,  &c.  yet  we  cannot  treat  an  evanefcent  quantity, 
fuch  as  MZ,  in  the  fame  manner,  and  fay  MZ  =  2MZ  = 
$MZ  =  4 MZ,  & c.  ;  for  the  law  of  continuity  cannot  affign 
to  MZ  and  MZ,  any  other  ratio  than  that  of  equality,  nor 
any  other  relation  than  that  of  identity 

43.  We  have  feen  that  by  introducing  into  the  calculation 
infinitely  fmall  quantities,  and  by  neglecting  them  in  com¬ 
panion  with  finite  quantities,  the  equations  became  imper¬ 
fect,  and  that  the  errors  which  they  produced  were  only 
compenfated  in  the  required  refill t.  But  we  have  it  now  in 
our  power  to  avoid  this  kind  of  inconvenience,  by  means  of 
evanefcent  quantities,  which  being  nothing  elfe  than  the 
ultimate  values  of  the  infinitely  fmall  quantities  correfpond- 
ing  to  them,  may,  like  any  of  the  other  values,  be  attributed 
to  thefe  indefinitely  fmall  quantities;  and  which  being,  in 
another  point  of  view,  abfolute  nullities,  may  be  negleCted, 
when  they  are  found  conneCled  with  any  effective  quantities, 
without  preventing  the  calculation  from  being  perfectly  ri¬ 
gorous. 

'  44.  The  Infinitefimal  Analyfis,  then,  may  be  confidered  in 
two  different  points  of  view;  by  regarding  the  infinitely  fmall 
quantities,  either  as  real,  effective  quantities,  or  as  abfolute 
nullities.  In  the  firfi:  cafe,  the  Infinitefimal  Analyfis  is 
nothing  elfe  than  the  Calculus  of  compenfated  errors;  and  in 
the  fecond,  it  is  the  art  of  comparing  evanefcent  quantities 
among  themfelves,  and  with  others,  in  order  to  deduce  from 
thefe  comparifons  the  proportions  and  relations,  whatever 
they  may  be,  which  fubfift  among  the  quantities  propofed. 

*  For  “  identity,’’  the  author  thou  Id  have  ufed  the  word  u  congruity.'” 
They  are  very  far  from  being  fynonymous  terms  ;  though  ufed  as  fuch 
by  fome  mathematicians,  Sec  Euclid’s  8th  axiom. — W.  D. 

Evanefcent 
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Evanefcent  quantities,  as  being  equal  to  nothing,  ought  to 
be  neglected  in  the  calculation,  when  they  are  connected,  by 
addition  or  fubtraelion,  to  any  real,  effective  quantity.  But 
they  have,  neverthelefs,  as  we  have  feen,  relations  very 
important  to  be  known,  relations  which  are  determined 
by  the  law  of  continuity,  to  which  the  fyftern  of  auxiliary 
quantities  is  fubjedfted  in  its  mutations.  Now,  in  order 
to  difcover  this  law  of  continuity,  it  is  eafy  to  perceive, 
that  we  are  obliged  to  confider  thefe  evanefcent  quantities  at 
fo-me  diftance  from  the  limit  where  they  entirely  vanifh, 
other  wife  they  prefent  only  the  indefinite  ratio  of  o  to  o; 
but  this  diftance  is  arbitrary,  and  hath  no  other  object  but  to 
enable  us  to  judge  more  eafily  of  the  ratios  or  relations  which 
exift:  between  thefe  evanefcent  quantities.  Thefe  are  the 
ratios  which  we  have  in  view,  ^vhen  we  confider  infinitely 
fmall  quantities  as  abfolute  nullities,  and  not  thofe  ratios 
which  exift  between  the  quantities  which  are  not  yet  arrived 
at  their  limit,  or  the  term  of  their  annihilation.  Thefe  laft 
quantities,  which  I  have  called  indefinitely  fmall,  are  not 
themfelves  defigned  to  enter  into  the  calculus  confidered  in 
the  prefent  point  of  view;  but  are  only  employed  to  affift  the 
imagination,  and  to  indicate  the  law  of  continuity  which  de¬ 
termines  the  ratios  and  relations,  whatever  they  may  be,  of 
the  correfponding  evanefcent  quantities. 

According  to  this  hypothefis,  the  quantities  reprefented  by 
MZ  and  RZ,  in  the  proportion  MZ  :  RZ  : :  TP  :  MP,  are 
fuppofed  abfolutely  equal  to  nothing.  But,  as  it  is  their 

ratio  that  is  required,  in  order  to  perceive  it’s  equality  to 
TP 

TlP~ 5  t‘ie  indefinitely  fmall  quantities,  which  anfwer  to  thele 

nullities,  inuft  he  confidered,  not  that  they  themfelves  may  be 
introduced  into  the  calculation,  but  that  the  vanifhing  quan¬ 
tities,  which  are  their  ultimate  values,  may  enter  into  it, 
under  the  denominations  of  MZ  and  RZ . 

45.  Thefe  expreffions  therefore,  MZ  and  RZ,  here  repre- 
fent  nullities,  and  are  ufed  under  the  forms  of  MZ  and  RZ, 
rather  than  under  the  common  form  o,  becaufe,  if  they  were 
ufed  under  this  laft  form,  it  would  no  longer  be  poffible,  in 
the  operations  wherein  they  are  mixed,  to  diftinguifh  their 
different  origins,  or,  in  other  words,  to  diftinguifh  the  dif- 
: .  ferent 
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ferent  indefinitely  finall  quantities  which  anfwer  to  them. 
Now  the  confideration  of  thefe  laft,  at  leaft  mentally,  is  ne- 
cefTary  to  the  apprehenfion  of  the  law  of  continuity,  which 
determines  the  required  ratio  of  the  evanefceht  quantities 
which  are  their  limits;  and  confequently  it  is  efTentially  ne- 
ceflary  to  keep  them  in  view,  and  to  characterize  them  by 
expreffions  which  may  prevent  them  from  being  confounded. 

4 6.  Evanefcent  quantities,  which  are  the  fubjeCt  of  the 
Infinitefimal  Calculus,  confidered  in  this  new  point  of  light, 
are,  it  is  true,  entia  r attorns,  creatures  of  the  underftanding. 
But  this  does  not  hinder  them  from  having  mathematical 
properties,  and  from  being  compared  together,  as  well  as 
imaginary  quantities  in  Algebra*,  which  have  no  better  claim 
to  exigence.  For  it  is  not  more  certain,  for  example,  that 


6o  is  =  20  +  40,  than  that  a  is  =  y/ — 


Now  no  perfon  doubts  the.  accuracy  of  the  refui ts  obtained 
by  the  calculus  of  imaginary  quantities;  though  they  be 
only  the  algebraic  forms  and  emblems  of  abfurd  quantities. 
With  much  greater  reafon  are  we  prevented  from  rejeding 
evanefcent  quantities,  which  are  at  leaft  the  limits  of  real 
quantities,  and  are  in  intimate  contact,  fo  to  fpeak,  with  their 
exiftence.  What  fignifies  it,  indeed,  Whether  thefe  eva¬ 
nefcent  quantities  are,  or  are  not,  chimerical  entities,  if  their 
ratios  be  notfuch,  and  if  thefe  ratios  alone  interefius ?  When, 
therefore,  we  fubjedt  infinitefimal  quantities  to  calculation, 


*  The  author  might  have  added  points,  lines,  furfaces  and  folids  in 
geometry  ;  for  they  too  are  entia  ratio'nis ,  which  have  no  exiftence  in  ex¬ 
ternal  nature.  Points  are  merely  the  terms  or  limits  of  lines,  lines  of 
furfaces,  and  furfaces  of  folids  5  juft  as  the  prime  ratios  of  nafcent,  and  the 
ultimate  ratios  of  evanefcent,  quantities,  are  the  limits  of  thofe  ratios,  when 
the  quantities  are  conftdered  as  beginning,  or  ceaftng,  to  be.  Yet  geometry 
refts  on  this  foundation  of  abftraft  entities,  with  perfect  fecurity  ;  for  the 
truth  is,  that,  without  abftratt  ideas,  fcien^e,  firiftly  fo  called,  cannot 
exift.  And  he  who  can  conceive  a  mathematical  point,  a  mere  abftraft. 
locus  ^  a  fomething  without  parts,  an  entity  truly  one  and  indivisible, 
which,  being  a  creature  of  the  intellefit,  entirely  eludes  the  cognizance  of 
every  fenfe  ;  I  fay  fuch  a  man  will  no  fooner  underhand  Newton’s  doc¬ 
trine  of  prime  and  ultimate  ratios,  than  he  will  efteem  it  a  legitimate 
foundation  of  mathematical  reafoning. — W.  D. 
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we  have  it  entirely  in  our  power  to  confidcr  them  either 
real  quantities,  or  as  abfolute  nullities.  The  difference  be¬ 
tween  thefe  two  ways  of  confidering  this  queftion,  confifts  in 
this,  that,  by  regarding  evanefcent  quantities  as  nullities,  the 
proportions,  equations  and  refults,  whatever  they  may  be, 
are  always  accurate  and  rigorous ;  but  have  a  reference  to 
quantities  which  are  creatures  of  the  underftanding,  and  ex- 
prefs  the  relations  which  exift  between  quantities  which  do 
not  themfelves  exift  *.  On  the  other  hand,  by  confidering 
infinitely  fniall  quantities  as  having  fovne  reality,  the  propo¬ 
rtions,  equations  and  refults,  whatever  they  may  be,  have 
for  their  fubjedl  real  quantities.  But  thefe  laft  proportions, 
equations  and  refults  are  falfe,  or  rather  imperfect,  and  be¬ 
come  exadl  in  the  end  only  in  confequence  of  the  compen- 
fation  of  their  errors,  a  compensation,  however,  which  is  the 
neceffary  and  infallible  refult  of  the  operations  of  the  calculus. 


*  Thus  the  ratios  of  the  ordinal  numbers  (one,  two,  three ,  &c.)  to 
each  other,  while  thofe  numbers  remain  floating,  fo  to  fpeak,  in  indeter¬ 
minate  abftradtion,  and  unapplied  to  any  particular  objedts  of  fenfe,  may 
be  faid  to  “  exprcfs  the  relations  which  exift  between  quantities  which  do 
not  themfelves  exift.’’  Thus  alfo,  if  a  body  be  fuppqfed  to  fall  from  any 
moderate  height,  its  velocities  at  any  two  points  (refiftance  apart)  will 
have  to  each  other  the  ratio  of  the  fquare  roots  of  the  fpaces  fuppofed  to 
be  defcrihed;  although  nobody  ever  actually  fell,  or  perhaps  ever  will 
adtually  fall,  from  that  precife  height.  Thefe  examples,  it  is  hoped,  will 
prevent  readers  who  are  not  much  accuftofned  to  fuch  lpeculations,  from 
rafftlv  charging  our  author  with  abfurdity,  in  talking  of  the  relations  be¬ 
tween  quantities  which  do  not  themfelves  exift  ;  that  is,  which  have  no 
exiftence  in  external  nature.  For  the  truth  is,  and  a  furprifmg,  unac¬ 
countable  truth  it  appears  to  many  beginners,  that  the  objedts  of  Puts 
Mathematics,  though  originally  abftradted,  or  copied,  from  external  ob¬ 
jedts,  have  no  exiftence  out  of  the  minds  which  conceive  them ;  and  hence 
proceeds  all  that  accuracy  for  which  thofe  fciences  are  juftly  valued.  The 
Inaccuracy  of  the  figures,  motions*  &c.  of  external  objedts  induces  a  corre- 
fponding  inaccuracy  into  Mixed  Mathematics. — The  inaccuracy  of  lan¬ 
guage  has  an  analogous  effedt  m  metaphyfics  ;  for  metaphyfical  relations 
and  deductions  may  be  perfectly  accurate  in  the  mind,  yet  few  of  them 
can  be  adequately  and  Un  exception  ably  expreffed,  for  want  of  an  accurate, 
unambiguous  language.  Hence  the  endlefs  difputes  with  which  men 
unhappily  dii'pofed  to  cavil,  and  who  afFedt  to  doubt  of  every  thing,  neve? 
ceafe  to  embroil  that  important,  and  othenvife  not  unpieafant,  region  of 
phiiofophy.— ' \V.  I>» 


47.  The 


the  Injinitefimal  Calculus,  35I 

47.  The  theory  which  has  been  thus  expounded  eafily 
furnifhes  anfwers  to  all  the  objections  which  have  been  made 
againit  the  Infinitefimal  Analyfis,  the  principle  of  which  fe- 
veral  geometricians  have  thought  faulty,  and  capable  of  lead¬ 
ing  to  erroneous  conclufions.  But  thole  gentlemen  have  been 

CD 

overwhelmed,  if  the  expreffion  may  be  allowed,  with  a  mul¬ 
titude  of  prodigies,  and  with  the  fplendour  of  the  numerous 
truths  wherewith  this  principle  has  teemed. 

Thefe  objections  may  be  reduced  to  this.  The  quantities 
faid  to  be  infinitely  fmall,  are  either  abfolute  nullities,  or 
they  are  not  ;  for  it  is  ridiculous  to  fuppole  that  there  exift 
entities,  which  hold  a  middle  place  between  quantity  and 
nullity.  Now  if  they  are  abfolute  nullities  their  companfon 
leads  to  nothing,  for  the  ratio  of  o  to  o  is  no  more  a  than  it 
is  h,  or  any  other  quantity  whatever.  If,  on  the  other  hand, 
they  are  not  nullities,  but  real  quantities,  they  cannot  with¬ 
out  error  be  negleCted,  as  the  rules  of  the  Infinitefimal  Ana- 
lyiis  prefcribe. 

The  anfvver  is  fimple.  So  far  from  its  not  being  logical  to 
confider  infinitely  fmall  quantities,  either  as  real  beings,  or 
as  nothings,  they  may,  on  the  contrary,  be  treated  at  plea- 
iure,  either  as  nullities  or  as  true  quantities.  For  they  who 
wifh  to  confider  them  as  nullities,  may  anfwer,  that  what  they 
call  infinitely  fmall  quantities  are  not  any  nullities  taken  at 
random,  but  nullities  affigned  by  the  Jaw  of  continuity  which 
determines  their  relation*;  that  among  all  the  relations  of 
which  thefe  quantities  are  lufceptible  as  nullities,  they  only 
confider  thofe  which  are  determined  by  this  law  of  conti¬ 
nuity  ;  and,  in  a  word,  that  thefe  relations  are  not  vague  and 
arbitrary,  beeaufe  the  law  of  continuity  does  not  afiign  feveral 
different  relations  between  the  differentials,  for  example,  of 
the  abfcifie  and  ordinate  of  a  curve,  when  thefe  differentials 
vanifh,  but  one  only,  which  is  that  of  the  fubtangent  to  the 
ordinate. 

On  the  other  hand,  they  who  regard  infinitely  final]  quan¬ 
tities  as  true  ones,  may  anfwer,  that  what  they  call  an  infi¬ 
nitely  fmall  quantity  is  one  which  is  arbitrary  and  independant 
on  the  qualities  propofed  ;  that,  therefore,  without  fuppofing 

*  See  the  ISote  on  article  2Z« 
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it  nothing,  it  may  be  treated  as  fuch,  and  yet  no  error  will 
exift  in  the  refult;  becaufe  that  error,  if  there  were  any* 
would  be  arbitrary,  like  the  quantity  which  occafioned  it. 
Nowit  is  evident,  that  no  fuch  error  can  exift,  except  among 
quantities,  one  of  which  at  lead:  is  arbitrary.  When,  there¬ 
fore,  we  arrive  at  a  remit  containing  no  arbitrary  quantity, 
and  which  expreifes  any  relation  whatever  between  quantities 
given,  and  thofe  determined  by  the  conditions  of  the  problem, 
we  may  reft  allured  that  that  refult  is  accurate ;  and  that, 
confequently,  the  errors  neceffarily  committed  in  exprefting 
thefe  conditions,  mull  have  been  compenfated  and  have  difap- 
peared,  by  the  necelfary  and  infallible  effebts  of  the  operation. 

48.  Other  mathematicians,  apparently  embarrafled  by  the 
objection  juft  difcufled,  have  ftmply  confined  themfelv.es  to 
prove,  that  the  Method  of  Limits,  the  procefles  of  which  are 
rigoroufty  accurate,  in  all  refpebts,  muft  neceffarily  lead  to 
the  fame  refults  as  the  Tnfinitefimal  Calculus.  But,  while  it 
is  agreed  that  the  principle  of  that  method  is  very  luminous, 
it  cannot  be  diffembled,  that  the  difficulty  is  thus  only  elud¬ 
ed,  not  removed ;  that  the  Method  of  Limits  leads  to  the  fame 
refults  as  the  Infinitefimal  Calculus,  only  by  a  difficult  and 
circuitous  way;  and,  in  fine,  that  that  method,  far  from 
being  the  fame  with  the  Infinitefimal  Calculus,  is,  on  the 
contrary,  only  the  art  of  difpenfing  with  this  calculus,  and  of 
fupplying  it  by  ordinary  Algebra.  It  appears  to  me,  that 
they  would  fucceed,  in  a  more  Ample  manner,  by  the  Method 
of  Indeterminates.  But  why  adopt  one  of  thefe  methods  to 
the  exclufion  of  the  reft,  when  they  can  afford  us  their  mutual 
affiftarice  ?  Let  us  then  employ  them  all — the  Infinitefimal 
Calculus,  properly  fo  called,  the  Method  of  Limits,  and  the 
Method  of  Indeterminates,  as  circumftances  may  require,  and 
let  us  ncglebt  none  of  the  means  which  can  conduct  us  to 
truth,  or  Amplify  our  refearches. 

It  remains  for  me  to  fhow,  by  fome  examples,  the  applica¬ 
tion  of  the  genera]  principles,  which  I  have  explained.  This 
I  {ball  do,  by  giving  my  reader  an  idea  of  the  Differential 
and  Integral  Calculi ,  which,  properly  fpeaking,  are  the  Infi¬ 
ll  itefimal  Anaiyfis  itfelf  reduced  to  practice. 

[To  be  continued.] 
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XT.  Account  of  C.  F.  Damberger’s  Travels  through  the 
interior \  Farts  of  Africa ,  from  the  Cape  of  Good  Hope  U 
Morocco . 

,  [Continued  from  p.  253.] 

On  the  15th  of  December  our  traveller  proceeded  on  his 
journey,  and  after  pafling  through  three  villages  refted  for 
fome  time  near  a  fourth  under  a  beautiful  matahora  tree  *. 
Here  he  was  vifited  by  fome  of  the  natives,  who  offered  him 
a  piece  of  wolf’s  flefh,  which  he  at  firft  refufed  ;  but  finding 
he  could  get  nothing  elfe,  be  ate  it,  and  thought  it  tailed 
better  than  that  of  the  buffalo.  Two  miles  further  he  found 
in  a  wood  a  prodigious  number  of  tortoifes,  which  exciting 
his  appetite,  he  refolved  to  fpend  the  night  there  under  fome 
trees.  He  therefore  made  a  large  fire,  and  roafted  fome  of  the 
flefh  of  thefe  animals,  but  ate  fo  freely,  that  for  fome  time  lie 
could  not  deep.  Towards  morning  he  fell  afleep,  but  had 
fcarcely  remained  an  hour  in  that  ftate,  when  he  found  fome- 
thing  move  at  his  feet ;  upon  which  he  ftarted  up,  and  difco- 
vered  a  fnake  three  ells  in  length  and  a  foot  in  thicknefs, 
devouring  the  remains  of  his  meal.  Being  much  alarmed  at 
the  appearance  of  this  guefl,  he  immediately  haftened  from 
the  fpot  and  continued  his  journey.  Towards  evening  he 
arrived  at  a  narrow  but  long  ridge  of  mountains,  where  he 
refted  for  the  night. 

Next  morning,  when  about  to  depart,  he  heard  human 
voices,  and  foon  after  faw  about  twenty  armed  men,  who 
were  efcorting  a  company  of  prifoners,  coupled  together,  two 
and  two,  with  thongs.  Some  of  the  former  immediately 
fprnng  towards  him,  and  conducted  him  to  their  leader,  who, 
after  furveying  him  for  fome  time,  took  a  thong  which  was 
wound  round  his  middle,  and,  having  bound  with  it  his  hands 
and  feet,  ordered  him  to  follow  him.  Towards  noon  they 
arrived  at  the  large  village  of  Cuojaha,  where  they  refted,  and 
procured  a  fupply  of  water.  7  his  was  the  firft  village  in  the 

*  The  leaves  of  this  tree  are  fmall  and  long;  the  branches  hang  down, 
and  the  dowers  are  of  a  reddith  colour.  The  fruit  are  round,  and  about 
the  fize  of  a  large  pea ;  they  contain  a  kind  of  meal  of  an  excellent  tafte,, 
which  is  formed  into  a  fort  of  cakes  not  inferior  to  bifcuit. 
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province  of  Porguhomat,  which  in  maps  is  called  Ofila* 
Damberger’s  fellow-travellers  belonged  to  this  nation,  and 
redded  at  a  place  half  a  day’s  journey  further  to  the  north. 

This  province  lies  at  the  didance  of  four  days’  journey 
from  the  boundaries  of  the  kingdom  of  Congo;  it  is  exceed¬ 
ingly  fertile,  and  abounds  with  productions  of  various  kinds. 
The  people  are  warlike,  and  defend  their  territories  with  great 
bravery.  Our  traveller  was  told,  that  they  could  bring  into 
the  field  from  18,000  to  20,000  men  5  but  he  believes  this 
account  to  be  exaggerated  one  half,  as  the  population  ap¬ 
peared  to  be  only  very  moderate.  This  nation  was  formerly 
fubjedt  to  the  king  of  Benguela,  who  procured  from  it  his 
heft  foldiers ;  but  as  thefe  foldiers  were  often  fold  for  (laves 
when  the  prince  flood  in  need  of  money,  the  people  rebelled 
in  the  year  1776,  and,  putting  to  death  the  old  king  Khiguan, 
declared  themfelves  independent.  The  fon  of  the  murdered 
king  was  afterwards  placed  on  the  throne  ;  but  in  every  thing 
that  relates  to  public  affairs  he  is  obliged  to  be  guided  by  the 
advice  of  the  old  eft  of  the  inhabitants,  who  are  affigned  to 
him  as  counfellors,  Difputes  and  quarrels  among  thefe 
people  are  fettled  by  the  oldeft  perfons  in  each  family;  and 
the  offending  party,  when  the  caufe  has  been  determined,  is 
pun ifhed  out  ol  doors.  Many  of  their  cuftoms  are  fimilar  to 
thole  of  the  neighbouring  nations,  but  they  have  feme  pecu¬ 
liar  to  themfelves.  There  are  fewer  women  here  than  in 
feme  of  the  other  African  nations,  and  it  is  even  not  un¬ 
common  for  two  men  to  have  only  one  wife,  and  yet  to  live 
together  in  perfect  harmony.  The  women  are  highly  re- 
fpedted,  and  treated  much  better  than  among  the furrounding 
nations.  Male  children  immediately  after  birth  are  circum- 
cifed,  and  great  rejoicings  take  place  on  fuch  occafions,  be- 
caufe  boys  are  much  more  valued  than  girls.  As  foon  as  a 
child  can  fpeak,  he  is  taught  by  his  grandfather,  or,  if  he  has 
none,  by  his  father,  to  know  thofe  vegetables  and  fruits 
which  can  be  ufed  as  food,  and  to  guard  againft  thofe  which 
are  pernicious.  He  muft  learn  alfo  to  make  mats  of  lon^ 
gsais,  and,  when  he  oecomes  older,  to  take  a  (hare  in  the 
management  of  the  do  medic  Concerns  of  the  family  1  his 
chief  attention,  however,  is  directed  to  hunting  in  which  it 
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is  requisite  that  lie  fhould  diftinguiffi  himfelf  by  his  boldnels 
and  dexterity.  When  he  kills  an  elephant,  he  is  no  longer 
clafled  among  the  boys,  but  confidered  as  having  attained  to 
the  rank  of  a  man.  Every  ftranger  not  engaged  in  trade 
vvith  this  nation  is  confidered  as  a  (lave,  but  he  is  well  treat¬ 
ed,  and  never  afterwards  fold ;  for  thefe  people  detefi:  this 
traffic,  and  endeavour  to  free  from  their  Hate  of  fiavery  thofe 
unfortunate  beings  who  are  deftined  by  other  nations  to  be 
fold.  When  they  learn  therefore  that  any  fiave-dealers  are 
about  to  pafs  through  or  near  their  territories  with  a  cargo  of 
haves,  they  alfemble  in  a  large  body,  attack  the  have-mer¬ 
chants,  and,  having  delivered  the  haves,  receive  them  as 
members  of  their  nation.  Our  traveller  was  obliged  to  ac- 
company  a  party  of  them  on  an  expedition  of  this  kind,  but 
he  had  the  misfortune  to  be  taken  prifoner.  The  people  by 
whom  he  was  made  captive  were  called  the  Sovians. 

Being  liberated  however  fome  time  after,  he  continued  his 
journey  on  the  36th  of  February,  1786,  and  on  the  5th  of 
June  following  arrived  at  the  village  of  Mohakam  on  the 
frontiers  of  the  antient  kingdom  of  Loango,  where  he  pro¬ 
cured  a  guide  who  conducted  him  to  the  town  of  Malemba, 
the  capital  of  the  united  kingdoms  of  Malemba  and  Cacongo. 
This  country  is  about  four  hundred  miles  in  length,  and  two 
hundred  and  forty  in  breadth  ;  it  is  exceedingly  fertile,  and 
abounds  with  vegetables,  minerals,  and  animals  of  various 
kinds  which  are  caught  for  the  fake  of  their  (kins.  The  river 
Bambo  and  the  lake  Samoy  fupply  plenty  of  fiffi  and  fhell- 
fiffi.  The  trade  of  this  country  is  exceedingly  advantageous 
to  the  Europeans,  who  for  the  mereft  trifles,  fuch  as  ffiells 
and  bits  of  iron,  often  get  in  return  the  befl:  (kins  and  furs  iit 
large  quantities.  The  king’s  Handing  army  confifts  of  be¬ 
tween  ten  and  twelve  thoufand  men,  who  can  at  any  time  be 
collected  in  the  courfe  of  forty-eight  hours.  The  king  him¬ 
felf  is  a  good  warrior,  leads  his  troops  into  the  field  in  perfon, 
and  is  much  dreaded  even  by  his  more  powerful  neighbours  ; 
whenever  he  goes  abroad  he  is  ufually  attended  by  four  of  his 
minifters,  who  are  at  the  fame  time  officers,  and  twelve  men 
of  his  body-guard. 

The  town  is  furrounded  by  a  wall  qompofcd  of  fragments 
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of  rock  and  loofe  (tones,  heaped  together  without  clay  or 
mortar,  and  by  a  ditch.  The  palace  where  the  king  re- 
lides  is  badly  built,  is  one  (lory  high,  and  about  five  hun¬ 
dred  feet  in  circumference.  It  (lands  before  the  water-gate 
on  the  river  Malempo,  towards  the  lake,  and  affords  a  good 
profpedt.  Our  traveller  faw  planted  near  it  four  three-* 
pounders. 

After  being  expofed  to  various  harddiips  among  thefe 
people,  our  traveller,  being  fent  out  with  a  party  to  colledt 
elephants’  teeth,  found  means  to  make  his  efcape,  and  ar¬ 
rived  among  a  people  called  the  Yaganefe,  with  whom  he 
remained  till  the  end  of  the  year.  On  the  2d  of  December 
he  again  refumed  his  journey,  and,  eroding  the  Akafi  moun¬ 
tains,  reached  the  territory  of  Mugari.  This  country  is  fmall, 
and  thinly  peopled.  The  inhabitants  are  of  low  ftature,  and 
far  from  being  hofpitable  to  (Irangers.  Though  of  fmall  fize, 
they  are  more  expert  in  hunting  the  elephant  than  many  of 
their  neighbours  ;  and  from  the  hides  and  teeth  of  thefe  ani¬ 
mals  they  procure  their  chief  fubfiftence.  The  whole  number 
of  the  inhabitants  does  not  amount  to  more  than  three  thou* 
fand  :  molt  of  them  live  in  caves  of  the  mountains. 

After  pading  through  a  variety  of  fmall  villages  our  tra¬ 
veller  entered  the  kingdom  of  Yukodego  (Monoemugi),  which 
towards  the  ead  borders  on  Abydinia.  The  river  Zambece, 
which  at  the  town  of  Yukora  divides  itfelf  into  five  branches, 
traverfes  nearly  the  whole  of  the  country,  and,  at  the  didance 
of  half  a  clay’s  journey  from  the  town  of  Zambre,  forms  a 
large  lake,  bearing  the  name  of  that  town.  The  town  of 
Zambre,  which  he  vifited  foon  after,  confids  of  four  hun¬ 
dred  huts,  and  fifty  or  fixty  houfes.  The  former  are  built  of 
timber  and  draw,  the  latter  of  dones  and  mortar.  The 
town,  which  is  of  a  triangular  diape,  lies  on  the  right  fide 
of  the  river  Zambre,  has  two  principal  and  three  crofs  dreets, 
and  is  defended  on  one  fide  by  a  wall.  The  houfes,  as  well 
as  the  palace,  are  only  one  ftory  high. 

At  Zambre  our  traveller  was  introduced  to  the  king,  who 
condu&ed  him  into  what  he  called  his  hall,  where  he  difplayed 
to  him  his  treafures.  They  confided  of  a  few  worn  copper 
coins,  two  looking- glades,  an  almanack  for  the  year  1743? 

a  fewr 


Interior  Parts  qf  Afrfoa*  3.57 

a  few  {heels  of  printed  paper;  four  fm all  cannons,  fuch  as 
•children  have  to  play  with;  a  few  other  toys,  and  a  wooden 
clock,  which  feemed  to  be  quite  deranged.  The  king 
.having,  by  an  interpreter,  exprefled  great  concern  that  the 
clock  did  not  go  as  formerly,  our  traveller,  when  his  ma- 
jefty  was  gone,  told  the  interpreter  that  he  would  try  to  re¬ 
pair  it,  if  the  king  gave  him  permiflion.  The  king  aflented ; 
and  Damberger,  though  not  much  acquainted  with  clock- 
making,  was  fo  fortunate  as  to  fucceed.  When  the  king 
returned  next  day  he  was  much  furprifed,  and  began  to  en¬ 
tertain  a  very  high  idea  of  a  man  who  had  been  able  to  effect 
what  exceeded  the  {kill  and  ability  of  the  mod  ingenious  of 
his  fuhje&s.  From  that  moment  our  traveller’s  confequence 
continually  increafed;  he  received  the  fame  victuals  as  were 
ufed  by  the  king,  accompanied  him  every  where,  and,  by 
means  of  this  privilege,  had  an  opportunity  of  getting  a 
complete  view  of  the  lake  of  Zambre,  when  the  king  went 
thither  to  fee  the  people  employed  there  in  fowling  and  filli- 
ing.  This  lake  is  in  length  three  full  days  journey,  and  is 
interfperfed  with  about  forty  fmali  iflands,  frequented  by  in¬ 
numerable  flocks  of  birds.  It  is  of  an  oval  form,  and  about 
half  a  day’s  journey  in  breadth.  The  king  keeps  here  a 
guard  of  two  hundred  men  to  take  care  that  the  fowling  and 
flfhing  are  properly  conducted  for  his  inajefly’s  advantage; 
but  our  traveller  was  told  that  thefe  people  drefs  for 

thenifelves  the  bed:  of  the  fowls  and  the  fifh  that  are 
caught. 

After  (pending  five  months  at  this  place,  Damberger,  hav¬ 
ing  obtained  the  king’s  leave  to  depart,  continued  his  journey 
on  the  38th  of  May  1787,  and  on  the  nth  of  June  arrived 
at  the  firft  frontier  huts  of  the  Moohatans  ;  a  numerous  and 
warlike  nation,  who  inhabit  a  tradl  of  land  belonging  to  the 
kingdom  of  Moncemugi,  and  fubjeet  to  its  fove reign.  As 
the  rainy  feafon  had  now  commenced  in  this  part  of  the 
country,  he  was  obliged  to  remain  Tome  time  under  very 
unfavourable  circumflanccs  at  the  village  of  Mytob,  from 
which  he  fet  out  on  the  19th  of  July,  in  company  with 
dome  travellers  from  the  country  of  Mofleguejos,  lying 
eaftward  of  the  kingdom  of  Moncemugi,  who  were  going 

C  O  '  DO 

to  the  kingdom  of  Otoba  to  fetch  fait.  After  eroding  the 
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river  Druma,  and  afcending  a  high  mountain  to  the  weft* 
he  arrived  among  a  people  called  the  Mophanians,  who 
dwell  in  caves,  and  by  whom  he  was  well  received.  The 
king  of  this  country  is  an  abfolute  fovereign,  and  poflefles  a 
tradl  of  territory  ten  days  journey  in  length  from  weft  to  eaft, 
and  feven  in  breadth  from  north  to  fouth.  Of  the  various 
kinds  of  fruit-trees  found  here,  the  mqft  remarkable  are  the 
domo  and  the  inkobak.  The  former  bears  a  kind  of  apples 
without  pips,  of  the  fize  of  a  hen’s  egg,  having  a  golden 
polour,  and  a  tafte  like  that  of  lemons.  It  grows  on  the 
mountains,  has  long,  narrow,  (harp-pointed  leaves,  and  at¬ 
tains  to  the  height  of  the  cherry-tree.  The  bark  refembles 
that  of  the  cinnamon-tree,  and  is  preferred  along  with  the 
fruit,  and  ufed  all  the  year  through  as  a  corroborant.  The 
inkobak  tree  bears  a  fruit  of  the  nut  fpecies  as  large  as  an 
egg:  it  is  of  an  oblono*  form,  and  has  a  red  hufk,  which  in 
all  probability  would  afford  a  good  colour  for  dyeing.  Our 
traveller  obferved  that  the  earthen-ware  ufed  by  the  inhabit¬ 
ants  was  dyed  with  it,  and  that  it  retained  its  beauty  even  in 
the  ft  re.  1  he  nut  itfelf  is  white,  and  taftes  like  cinnamon. 
The  tree  is  as  large  as  the  oak,  and  all  the  year  through  bears 
fruit  and  bloffbms  at  the  fame  time. 

After  leaving  thefe  people,  our  author  profecuted  his  journey- 
through  the  villages  qf  Qbgothen,  Uhroh,  and  Mato,  tq 
Ocymoro,  the  refidence  of  the  king,  where  he  was  placed 
among  the  royal  (laves ;  but,  finding  means  to  effedt  his 
efcape  acrofs  the  fandy  deferts,  he  afqended  the  Mountains 
of  the  Moon,  and  arrived  in  the  territories  of  the  Voma- 
hanians.  Thefe  people  he  found  hofpitable  and  good  tem¬ 
pered  ;  they  preferred  him  with  tiger’s  flefh,  which  he  had 
never  before  tafted,  and,  having  d i reeled  him  what  courfe  to 
proceed,  vvifhed  him  a  prolperous  journey.  He  now  diredted 
his  courfe  northwards  acrofs  Dahamia  to  the  kinedom  of 
Vohyagtam ;  and  falling  in  with  fomq  travelling  negroes, 
who  called  themfelves  Taomuh,  he  purfued  his  journey  in 
their  company  as  far  as  the  firft  huts  on  the  frontiers  of  Ba- 
hura.  On  the  19th  of  November  he  fet  out  with  a  caravan 
bound  to  Vangara,  by  the  way  of  Vadgayu,  Vomy,  &c.$ 
but,  not  being  able  to  bear  the  fatigue  of  riding,  he  was  left 
on  the  road,  and  fell  tick.  On  his  recovery,  which  took 
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place  foon  after,  he  proceeded  back  again  to  Yandoka,  and 
Bahahara  the  capital,  where  he  was  detained  for  a  fhort  time 
as  a  have;  but  having  repaired  fome  of  the  king’s  weapons 
he  obtained  his  liberty,  and  travelled  in  the  fuite  of  the  king 
to  Kahoratho. 

[To  be  continued.] 


XII.  Obferv ationS  on  the  Eff'eBs  which  take  place  from  the 
D efi Wuclion  of  the  Membrana  Tympani  of  the  Ear .  By 
Mr.  Astlet  Cooper.  In  a  Letter  to  Everard 
Home,  Efq.  F.R.S.  by  whom  fome  Remarks  are  added*.* 

DEAR  SIR, 

At  the  time  you  were  engaged  in  the  inveftigation  of  the 
ftrudture  and  ufes  of  the  membrana  tympani,  you  mentioned 
a  wifh  to  afcertain  the  effedt  a  rupture  of  that  membrane 
would  have  upon  hearing.  I  now  fend  you  fome  obferva- 
tions  on  that  fubjedt,  which,  if  you  think  them  of  fufficient 
importance,  you  will  do  me  the  honour  of  prefenting  to  the 
Royal  Society.  I  am,  &c. 

ASTLEY  COOPER. 

Anatomists  have  endeavoured  to  afcertain,  by  experi¬ 
ments  on  quadrupeds,  the  lofs  of  power  which  the  organ  of 
hearing  would  fullain  by  perforating  the  membrana  tympani : 
clogs  have  been  made  the  fubject  of  thefe  trials;  but  the  re¬ 
fill  ts  have  been  neither  clear  nor  fatisfaftory,  and  they  accord 
but  little  with  the  phenomena  I  am  about  to  relate. 

Mr.  Chefelden  had  conceived  the  defign  of  making  the 
human  organ  itfelf  the  fubjecl  of  direct  experiment;  and  a 
condemned  criminal  was  pardoned,  on  condition  of  his  fub- 
mitting  to  it ;  but  a  popular  outcry  being  raifed,  it  was 
thought  proper  to  relinquifh  the  idea. 

Though  denied  the  aid  of  experiment,  we  are  not  without 
the  means  of  obtaining  knowledge  upon  fuch  fubje&s;  fince 
the  changes  produced  by  difeafe  frequently  furnifh  a  clue 
which  is  equally  fatisfadlory. 

It  often  happens,  that  fome  parts  of  an  organ  are  deftroyed 

•*  From  (he  Tran  factions  of  the  Royal  Society  for  1800. 

?  3  A  ‘2  b  y 


3 6’0  Qbfervations  on  the  Dejituclioit 

by  difeafe,  whilft  others  are  left  in  their  natural  ftate ;  and 
hence,  by  the  powers  retained  by  inch  organ,  after  a  partial 
deftrudtion,  we  are  enabled  to  judge  of  the  functions  per¬ 
formed  by  thofe  parts  when  the  whole  was  in  health. 

Guided  by  this  principle,  I  have  made  the  human  ear  the* 
fubjedt  of  obfervation,  and  have  endeavoured  to  afcertain  the 
degree  of  lofs  it  fuftains  in  its  powers  by  the  want  of  the 
membrana  tympani ;  a  membrane  which  has  been  generally 
confidered,  from  its  fituation  in  the  meatus,  and  its  connec¬ 
tion  with  the  adjacent  parts  by  a  beautiful  and  delicate  ftnic- 
ture,  as  e  (Tend  ally  neceffary  to  the  fenfe  of  hearing;  but 
which,  as  appears  by  the  following  obfervations,  may  be 
loft,  with  little  prejudice  to  the  functions  of  the  organ. 

Mr.  P - a  medical  ftudent  at  St.  Thomas’s  hofpital, 

of  the  age  of  twenty  years,  applied  to  me,  in  the  winter  of 
7  797,  while  he  was  attending  a  courfeof  anatomical  ledtures, 
requefting  my  opinion  upon  the  nature  of  a  complaint  in  his 
ear,  which  had  long  rendered  him  flightly  deaf. 

Upon  inquiring  into  the  nature  of  the  fymptoms  which 
had  preceded,  and  of  thofe  which  now  accompanied  the 
difeafe,  he  informed  me,  that  he  had  been  fubjeCt  from  his 
infancy  to*  pains  in  the  head,  and  was  attacked,  at  the  age 
of  ten  years,  with  an  inflammation  and  fuppuration  in  the 
left  ear,  which  continued  difeharging  matter  for  feveral 
weeks :  in  the  fpace  of  about  twelve  months  after  the  firft 
attack,  fymptoms  of  a  ftmilar  kind  took  place  in  the  right 
ear,  from  which  alfo  matter  iflued  for  a  confiderable  time. 
The  difeharge  in  each  inftance  was  thin,  and  extremely  of- 
fenftve  to  the  fmell ;  and,  in  the  matter,  bones  or  pieces  of 
bones  were  obfervable.  The  immediate  confequence  of  thefe 
attacks  was  a  total  deafnefs,  which  continued  for  three 
months ;  the  hearing  then  began  to  return,  and,  in  about 
ten  months  from  the  laft  attack,  was  reftored  to  the  ftate  in 
which  it  at  prefent  remains. 

Having  thus  defer i bed  the  difeafe  and  its  fymptoms,  he 
gave  me  the  following  fatisfadtory  proof  of  each  membrana 
tympani  being  imperfedt.  Having  filled  his  mouth  with  airr 
he  clofed  the  noftrils  and  contradled  his  cheeks :  the  air,, 
thus  comprdfed,  was  heard  to  rufh  through  the  meatus  au- 
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ditofius  with  a  whittling  noife,  and  the  hair  hanging  from 
the  temples  became  agitated  by  the  current  of  air  which  iflfued 
from  the  ear.  To  determine  this  with  greater- precifion,  £ 
called  for  a  lighted  candle,  which  wras  applied  in  turn  to  each 
car,  and  the  flame  was  agitated  in  a  fimilar  manner.  Struck 
with  the  novelty  of  thefe  phenomena,  I  wifhed  to  have  many 
witneffes  of  them,  and  therefore  requeued  him,  at  the  con- 
clufion  of  the  leddure  upon  the  organ  of  hearing,  to  exhibit 
them  to  his  fellow  {Indents ;  with  which  requeft  he  was  fc> 
obliging  as  to  comply. 

It  was  evident  from  thefe  experiments,  that  the  memhrana 
tvmpani  of  each  ear  was  incomplete,  and  that  the  air  iffued 
from  the  mouth,  by  the  Enftachian  tube,  through  an  open¬ 
ing  in  that  membrane,  and  efcaped  by  the  external  meatus. 

To  determine  the  degree  in  which  the  membrana  tympanl 
had  been  injured,  I  palled  a  probe  into  each  ear,  and  found 
that  the  membrane  on  the  left  fide  was  entirely  deftroyed  5 
fince  the  probe  ftruck-againlt  the  petrous  portion  of  the  tem-, 
poral  bone,  at  the  interior  part  of  the  tympanum,  not  by 
palling  through  a  fmall  opening;  for,  after  an  attentive  exa¬ 
mination,  the  fpace  ufually  occupied  by  the  membrana  tym- 
pani  was  found  to  be  an  aperture,  without  one  trace  of  mem¬ 
brane  remaining. 

On  the  right  fide,  alfo,  a  probe  could  be  palled  into  the 
cavity  of  the  tympanum ;  but  here,  by  conducting  it  along 
the  fides  of  the  meatus,  feme  remains  of  the  circumference 
of  the  membrane  could  be  difeovered,  with  a  circular  open¬ 
ing  in  its  centre,  about  the  fourth  of  an  inch  in  diameter. 

From  fuch  a  deflruclion  of  this  membrane,  partial  indeed 
in  one  ear,  but  complete  in  the  other,  it  might  be  expected 
that  a  total  annihilation  of  the  powers  of  the  organ  would 
have  followed  :  but  the  deafnefs  was  inconfiderabfe.  This 
gentleman,  if  bis  attention  were  exerted,  was  capable,,  when 
in  company,  of  hearing  whatever  was  laid  in  the  ufual  tone 
of  converfation ;  and  it  is  w  orthy  of  remark,  that  he  could 
hear  with  the  left  ear  better  than  with  the  right,  though  in 
the  left  no  traces  of  the  membrana  tympani  could  be  per¬ 
ceived. 

When  attending  the  anatomical  lectures,  alfo,  he  could 
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hear,  even  at  the  mod  diftant  part  of  the  theatre,  every  word 
that  was  delivered ;  though,  to  avoid  the  regular  and  con- 
fhint  exertion  which  it  required,  he  preferred  placing  himfelf 
near  the  lecturer. 

I  found,  however,  that  when  a  note  was  {truck  upon  the 
piano  forte,  he  could  hear  it  only  at  two-thirds  of  the  dif* 
tance  at  which  I  could  hear  it  myfelf ;  and  he  informed  me, 
that  in  a  voyage  he  had  made  to  the  Eaft  Indies,  while 
others,  when  {hips  were  hailed  at  fea,  could  catch  words 
with  accuracy,  his  organ  of  hearing  received  only  an  in- 
diftindf  im predion.  But  the  mod  extraordinary  circum¬ 
stance  in  Mr.  P - ’$  cafe  is,  that  the  ear  was  nicely  fuf- 

ceptible  of  mufical  tones;  for  be  played  well  on  the  flute, 
and  had  frequently  borne  a  part  in  a  concert .  I  fpeak  this, 
not  from  his  own  authority  only,  but  alfo  from  that  of  his 
father,  who  is  an  excellent  judge  of  rnufic,  and  plays  well 
on  the  violin  :  he  told  me,  that  his  fon,  beftdes  playing  on 
the  flute,  lung  with  much  tafte,  and  perfectly  in  tune. 

The  flight  degree  of  deafnefs  of  which  Mr.  P.  complained, 
was  always  greatly  increafed  by  his  catching  cold  :  an  eft’edt 
Which  feems  to  have  arifen  from  the  meatus  being  clofed  by 
an  accumulation  of  the  natural  fecretion  of  the  ear;  for  it 
frequently  happened  to  him,  after  he  had  been  fome  time 
deaf  from  cold,  that  a  large  piece  of  hardened  wax,  during 
,a  fit  of  coughing,  was  forced  from  the  ear,  by  the  air  milling 
from  the  mouth  through  the  Euftachian  tube,  and  his  hear- 
ing  was  inftantly  re  ft  o  red. 

From  bathing,  likewife,  he  fuffered  confiderable  inconve-* 
nience,  milels  his  ears  were  guarded  againft  the  water,  by 
cotton  being  previously  forced  into  the  meatus.  .  When  this 
precaution  was  negledted,  the  water,  as  lie  plunged  in,  by 
tuftiing  into  the  interior  parts  of  the  ears,  occaftoned  violent 
pain,  and  brought  on  a  deafnefs,  which  continued  until  the 
caufe  was  removed,  that  is,  until  the  water  was  difeharged  : 
but  he  had  acquired  the  habit  of  removing  it,  by  forcing  air 
from  the  mouth  through  the  ear. 

In  a  healthy  ear,  when  the  meatus  andi tonus  is  ftopped 
by  the  finger,  or  is  otherwife  clofed,  a  noife  fimilar  to  that 
of  a  dift  ant  roaring  of  the  fea  is  produced:  this  arifes  from 
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the  air  in  the  meatus  being  compreffed  upon  the  memhrana 
tympani.  In  the  cafe  here  deferibed,  no  fuch  fenfation  was 
produced :  for,  in  Mr.  P.’s  ear,  the  air,  meeting  with  no 
impediment,  could  fuffer  no  comprefiion  ;  finice  it  found  a 
paffage,  through  the  open  membrane,  to  the  mouth,  by 
means  of  the  Euftachian  tube. 

Mr.  P.  was  liable  to  the  fenfation  commonly  called  the 
teeth  being  on  edge ,  in  the  fame  degree  as  it  exifts  in  others; 
and  it  was  produced  by  fimilar  acute  founds,  as  by  the  filing 
of  a  faw,  the  rubbing  of  filk,  &c.  Its  occurring  in  him 
feems  to  difprove  the  idea  which  has  been  entertained  of  its 
caufe;  for  it  has  been  thought,  that  the  clofe  connection  or 
the  nerve  called  the  corda  tympani  with  the  memhrana  tym¬ 
pani,  expofed  it  to  be  affeCted  by  the  motions  of  the  malleus  ; 
and  that,  as  it  paftes  to  nerves  connected  with  the  teeth, 
they  would  fuffer  from  the  vibratory  ftate  of  the  nerve,  pro¬ 
duced  by  the  agitations  of  the  membrane.  But,  in  this  cafe, 
as  the  membrane  was  entirely  deftroyed  on  that  fide  on  which 
the  fenfation  was  produced,  fome  other  explanation  muff  be 
reforted  to;  and  I  fee  no  reafon  why  this  effieCt  fhould  not 
be  referred  to  that  part  of  the  auditory  nerve  which  lines  the 
labyrinth  of  the  ear,  which,  being  impreffed  by  acute  and 
difagreeable  founds,  would  convey  the  impreftion  to  the 
portio  dura  of  the  fame  nerve,  and  to  the  teeth  with  which 
that  iierve  is  connected. 

The  external  ear,  though  two  diftinCt  mufcles  are  inferted 
into  it,  is  capable,  in  its  natural  ftate,  of  little  motion:  how¬ 
ever,  when  an  organ  becomes  imperfeCl,  every  agent  which 
can  be  employed  to  increafe  its  powers  is  called  into  action  ; 
and,  in  the  cafe  here  deferibed,  the  external  ear  had  acquired 
a  diftimSt  motion  upward  and  backward,  which  was  obferv- 
able  whenever  Mr.  P.  liftened  to  any  thing  which  he  did  not 
diftinCfly  hear.  This  power  over  the  mufcles  was  fo  great, 
that  when  defired  to  raife  the  ear,  or  to  draw  it  backwards, 
he  was  capable  of  moving  it  in  either  direction. 

This  cafe  is  not  the  only  one  of  this  defeription  which  ha$ 
pome  under  my  obfervation  ;  for  another  gentleman,  Mr.  A., 
applied  to  roe  under  a  finiiia.r  complaint,  (but  in  one  ear 
pqly,)  proceeding  from  fuppnration,  aud  producing  the  fame 

effects. 
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eiTe<Ts.  This  gentleman  has  the  fame  power  of  forcing  air 
through  the  imperfect  ear;  fuffers  equally  from  bathing,  if 
the  meatus  auditorius  be  unprotected  ;  and  feels,  even  from 
expofure  to  a  ftream  of  cold  air,  very  confiderable  pain.  The 
only  difference  1  could  obferve  was,  that  in  Mr.  A/s  cale, 
the  defect  of  hearing  in  the  difeafed  organ  was  fomewhat 
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greater  than  in  the  former;  for  though,  when  his  found  ear 
was  ciofed,  he  could  hear  what  was  faid  in  a  common  tone 
of  voice,  yet  he  could  not  diflinguifh  the  notes  of  a  piano 
forte  at  the  fame  diftance  :  a  difference  which  might,  have  in 
part  arifen  from  the  confufed  noife  which  is  always  produced 
by  clofing  the  found  ear;  or  becaufe,  as  he  heard  well  on 
one  fide,  the  imperfect  ear  had  remained  unemployed,  and 
confequently  had  been  enfeebled  by  difufe. 

From  thefe  obfervations  it  feems  evidently  to  follow,  that 
the  lofs  of  the  membrana  tympani  in  both  ears,  far  from 
producing  total  deafnefs,  occafions  only  a  flight  diminution 
of  the  powers  of  hearing. 

Anatomifts  who  have  deftroyed  this  membrane  in  dogs 
have  afierted,  that  at  firff  the  effcCt  on  the  fenfe  of  hearing 
was  trivial ;  but  that,  after  the  lapfe  of  a  few  months,  a  total 
deafnefs  enfued.  Baron  Haller  alfo  has  faid,  that  if  the 
membrane  of  the  tympanum  be  broken,  the  perfon  becomes 
at  firft  hard  of  hearing,  and  afterwards  perfectly  deaf.  But, 
in  thefe  inftances,  the  definition  muff  have  extended  further 
than  the  membrana  tympani;  and  the  labyrinth  muff  have 
flittered  from  the  removal  of  the  (tapes,  and  from  the  conse¬ 
quent  difeharge  of  water  contained  in  the  cavities  of  the  in¬ 
ternal  ear;  for  it  has  been  very- constantly  obferved,  that 
when  all  the  fmall  bones  of  the  ear  have  been  difeharged,  a 
total  deafnefs  has  enfued. 

It  is  probable,  that  in  inftances  in  which  the  membrana 
tympani  is  deftroyed,  the  functions  of  this  membrane  have 
been  carried  on  by  the  membranes  of  the  feneftra  ovalis  and 
feneffra  rotunda  :  for,  as  they  are  placed  over  the  water  of 
the  labyrinth,  they  will,  when  agitated  by  the  impreffions  of 
found,  convey  their  vibrations  to  that  fluid  in  a  fimilar  man¬ 
ner,  though  in  fomewhat  an  inferior  degree,  to  thole  which 
are  conveyed  by  means  of  the  membrana  tympani  and  the 
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fmall  bones  which  are  attached  to  it ;  and  thus*  in  the  organ 
of  hearing,  each  part  is  admirably  adapted,  not  only  to  the 
purpofe  for  which  it  is  defigned,  but  alfo  as  a  provifiori 
againft  accident  or  difeafe  ;  fo  that,  whenever  any  particular 
part  is  deftroyed,  another  is  fubftituted  for  it,  and  the  organ, 
from  this  deprivation,  fuffers  but  little  injury  in  its  functions. 

It  feems  that  the  principal  ufe  of  the  membrana  tympani 
is,  to  modify  the  impreflions  of  found,  and  to  proportion 
them  to  the  powers  and  expe&ation  of  the  organ.  Mr.  P* 
had  loft  this  power  for  a  confiderable  period  after  the  deftruc- 
tion  of  the  membrane ;  but,  in  procefs  of  time,  as  the  ex¬ 
ternal  ear  acquired  the  additional  motions  I  have  defcribed, 
founds  were  rendered  ftronger  or  weaker  by  them.  When, 
therefore,  he  was  add  relied  in  a  whifper,  the  ear  was  feen 
immediately  to  move ;  but,  when  the  tone  of  voice  was 
louder,  it  then  remained  altogether  motionlefs. 

Some  additional  Remarks ,  on  the  Mode  of  Hearing  in  Cafes 
where  the  Membrana  Tympani  has  been  defrayed.  By 
Eve  hard  Home,  Efq. 

After  having  communicated  to  this  learned  Society  the 
very  curious  fa£ts  contained  in  Mr.  Cooper’s  paper,  which 
prove  that  the  organ  of  hearing  is  capable  of  receiving  all 
the  different  impreflions  of  found,  when  the  membrana 
tympani  has  been  deftroyed,  it  may  not  be  improper  to 
explain,  from  the  obfervations  contained  in  a  former  paper 
on  this  fubjeft,  in  what  manner  this  may  take  place. 

It  is  there  ftated,  that  any  vibrations  communicated  di- 
re&ly  to  the  bones  of  the  fkull,  are  as  accurately  imprefled 
upon  the  organ,  as  through  the  medium  of  the  membrana 
tympani.  The  office  of  that  membrane  is  therefore  to  afford 
an  extended  furface,  capable  of  receiving  impreflions  from 
the  external  air,  and  of  communicating  them  to  the  fmall 
bones  of  the  ear;  which  a  membrane  would  be  incapable  of 
doing,  unlei  s  it  had  a  power  of  varying  its  tenfiori,  to  adapt 
it  to  different  vibrations. 

In  the  above  cafes,  in  which  this  membrane,  the  malleus, 
and  the  incus,  had  been  deftroyed,  it  would  appear  that  the 
ftapes  was  a&ed  upon  bv  the  air  received  into  the  cavity  of 
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the  tympanum,  and  communicated  the  impreffions  imme¬ 
diately  to  the  internal  organ.  This  not  happening  for  fome 
months  after  the  membrane  was  deflroyed,  probably  arofe 
from  the  inflammation  of  the  tympanum  confining  the 
Tapes,  and  rendering  its  vibrations  imperfect. 

That  founds  can  be  communicated  with  accuracy  by  the 
bones  of  the  fkull  to  the  internal  organ,  when  received  from 
folid  or  liquid  fubftances,  has  long  been  well  underflood. 

That  the  memhrana  tvmpani  is  incapable  of  perfectly 
anfwering  this  purpofe,  when  founds  are  propagated  through 
air,  has  been  a  generally  received  opinion  ;  to  refute  which, 
was  the  object  of  my  former  paper.  That,  in  cafes  in  which 
the  memhrana  tvmpani  has  been  deflroyed,  the  air  is  ca¬ 
pable  of  acling  with  fufficient  force  upon  the  Tapes  to  com¬ 
municate  vibrations  to  it,  and  to  produce  on  the  internal 
organ  the  neceflary  effeH  for  perfect  hearing,  is  completely 
alcertained  by  Mr.  Cooper’s  obfervations. 


XII T.  Analyjis  of  a  Stone  called  the  Gadolinite ;  with  an 
Account  of  fome  of  the  Properties  of  the  new  Earth  it 
contains.  By  C .  Vau&uelin  * » 


,  JL.  HE  number  of  fimp'le  bodies,  and  particularly  that  of 
earths,  has  been  greatly  increafed  within  a  few  years  paT; 
and  if  chemiTry  go  on  Till  thus  advancing,  it  is  to  be  appre¬ 
hended  that  the  time  may  arrive  when  the  human  mind  will 
not  he  able  to  embrace  all  the  combinations  produced  by  the 
multitude  of  Ample  bodies. 

But  the  analogy  which  exifts  between  certain  claffes  of 
natural  fubTances,  gives  chcmiils  reafon  to  iufpebl  that  they 
contain  a  common  generating  principle,  and  affords  them  a 
hope  that  fome  fortunate  chance,  or  an  experiment  made  by 
fome  man  of  genius,  will  reduce  them  all  to  one  fingle  kind, 
either  by  di  fen  gaging  them  from  thofe  principles  which  cfla- 
biifli  differences  between  them,  or  by  combining  thefe  fame- 
elements  to  thofe  which  are  fimple. 


*  From  the  Annales  de  Chin;  e ,  No,  107, 
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Till  chemical  means  are  brought  to  that  degree  of  perfec¬ 
tion,  we  mu  ft  make  known  thofe  bodies  which,  on  account 
of  their  peculiar  properties,  we  cannot  refer  to  any  ot  thofe 
already  known,  and  which,  till  a  new  order  be  eftablifhed, 
we  are  obliged  to  confider  as  new  fubflances.  An  attentive 
examination  of  their  properties  is  of  great  importance  ;  for, 
even  though  they  may  be  only  modifications  of  bodies  al¬ 
ready  known,  it  may  happen,  of  which  we  have  many  in* 
fiances,  that  their  qualities  may  become  ufeful  to  the  arts 
and  to  manufactures,  and,  in  any  event,  it  is  better  to  err 
through  excels  than  deficiency. 

With  this  view  I  fhall  here  defcribe,  with  fome  details, 
the  properties  of  a  new  earth  difcovered  by  M.  Gadolin,  and 
which  has  been  examined  by  M.  Ekeberg  under  new  points 
of  view. 

I  fhall  firft  give  a  fliort  defcription  of  the  done,  and  then 
explain  the  difierent  precedes  which  I  employed  to  analyfe 
it;  and  (hall  conclude  with  indicating  the  principal  proper¬ 
ties  that  charaClerife  the  new  earth  it  contains.  The  greater 
part  of  the  observations  I  fhall  make  on  this  fubjeCi,  may 
have  been  already  published  by  the  chemifls  above  men- 
mentioned ;  but  their  works  being  not  much  known,  I  have 
thought  it  my  duty  to  aCl  in  this  manner,  that  the  prefent 
difcovery  may  be  better  propagated. 

I  fhall,  however,  repeat  what  has  been  communicated  to 
me  by  M.  Manthey,  profeffor  of  chemillry  at  Copenhagen, 
to  whom  both  Haiiy  and  I  are  indebted  for  a  large  quantity 
of  matter  containing  this  new  earth*. 

In  1794,  M.  Gadolin  difcovered  this  earth ;  and  his  la¬ 
bour  on  the  fubject  was  printed  in  the, Memoirs  of  the  Aca¬ 
demy  of  Sweden,  and  in  Crell’s  Chemical  Annals  for  the 
year  1796.  M.  Ekeberg,  about  two  years  ago,  began  an 
analyfis  of  the  fame  hone,  and  confirmed  the  refults  of 
M.  Gadolin.  To  the  new  earth  he  gave  the  name  of 
Yitr'ia ,  from  Ytterlev,  a  place  in  Sweden,  where  it  is  found. 
A  fliort  mention  of  it  was  made  alio  in  the  Annales  de 

*  ProhtTor  Abildgaard,  alfo,  has  had  the  goodnefs  to  fend  me  a  pretty 
large  quantity  of  this  hone,  which  enabled  me  to  vary  my  experiments, 
and  to  difco/er  the  charafterifmg  properties  of  the  new  earth  it  contains. 

3  B  Z  .  Chimu3 
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Cbimie ,  No.  ioo.  This  earth,  according  to  him,  exifts  in 


the  gadolinite  in  the  proportion  of  0*47 

Accompanied  by  filex  « —  0*25 

Oxyd  of  iron  —  -  o*j8 

Alumine  —  0*04 


He  defcribes  alfo  feme  of  the  properties  pofteffed  by  this 
new  earth  when  freed  from  all  the  bodies  united  to  it  in  the 
ftone,  and  which  are  as  follows All  its  combinations 
with  acids  have  a  fweet  tafte  like  that  of  the  falts  of  lead, 
but  a  little  more  aftringent ;  with  the  fulphuric  and  acetic 
acids  it  forms  cry  if  allifable  falts  which  do  not  change  in  the 
air;  with  nitric  acid  it  gives  a  radiating  mafs,  and  with  the 
muriatic  acid  nothing  that  can  cry  bailiff 

•  p  «  ■  * 

Characters  of  the  Stone . 

1  ft.  This  fubftance  has  a  black  colour,  and  its  duft  is  of  a 
blackifh  gray. 

2d,  Its  fradture  is  abfolutely  vitreous,  like  that  of  glafs. 

3d,  Its  fpecific  gravity,  afeertained  by  Haiiy,  is  4*0.197. 

4th,  It  makes  the  magnetic  needle  move  in  a  fenfible 
manner. 

5th,  When  expofed  to  the  blow-pipe,  it  fplits  into  fmall 
fragments,  which  fly  to  a  confiderable  diftan.ee  in  bright  red 
fparks,  which,  when  they  detach  themfelves,  produce  a  ftrong 
crackling  noife.  What  remains  of  the  ftone  has  a  grayifh- 
white  colour,  and  does  not  fufe  completely. 

6th,  When  heated  with  borax  it  fufes,  and  communicates 
to  that  fait  a  yellow  colour  inclining  to  violet. 

7th,  A  hundred  parts  of  this  fiibftance,  expofed  to  heat  in 
a  platina  crucible,  lofe  eight  parts  of  their  weight,  and  the 
matter  afliimes  an  ochry  red  colour.  If,  from  the  quantity 
of  iron  it  contains,  w?  eftimate  the  oxygen  it  mufti  abforb  by 
the  operation,  we  fhall  find  that  it  has  loft  about  11  per  cent , 

•  '  N  *  i  f  ,v 

Phenomena  which  the  Gadolinite  exhibits  with  the 

^Mineral  Acids. 

The  gadolinite  (it  is  by  this  name  I  fhall  diftingnifh  this 
ftone  in  the  courfeof  this  memoir,)  is  attacked  by  the  power¬ 
ful  mineral  acids,  fuch  as  the  fulphuric,  the  nitric,  and  the 

muriatic 
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muriatic;  and,  if  their  action  be  aflifted  by  a  gentle  heat, 
they  form  a  thick  jelly  of  a  gray i Hi  or  yellowilh  colour. 
If  this  kind  of  jelly  be  then  evaporated  to  drynefs,  and  the 
refiduum  of  the  evaporation  be  wafhed  in  water,  you  will 
obtain  filex  under  the  form  of  a  white  powder,  which,  when 
well  wafhed  and  brought  to  a  red  heat,  gives  by  its  weight 
the  proportion  in  which  it  exifts  with  the  other  principles. 

The  folutions  of  gadolinite  in  acids  do  not  all  exhibit  the 
fame  phamomena  by  evaporation.  The  fulphuric  and  mu¬ 
riatic  acids  retain  the  iron  and  the  new  earth  in  combina¬ 
tion,  and  nothing  but  the  filex  is  feparated ;  while,  on  the 
contrary,  the  nitric  acid  abandons  at  the  fame  time  the  filex 
and  the  oxyd  of  iron,  which  may  be  eafily  conceived  from 
the  properties  of  the  nitrat  of  iron. 

I  took  advantage  of  this  property  in  preference  to  any 
other,  in  order  to  apply  it  to  the  analyfis  in  queftion. 

I  dififolved  100  parts  of  gadolinite  in  nitric  acid  fufficiently 
diluted  with  water,  and  fubjedted  it  to  evaporation,  expofing 
it  to  a  little  heat  towards  the  end,  to  eitebl  a  complete  de¬ 
co  mpofit  ion  of  the  nitrat  of  iron.  By  re-diffolving  it  ill 
water,  f  obtained,  combined  with  the  nitric  acid  and  dif- 
folved,  the  peculiar  earth  feparated  from  the  iron  and  the 
filex.  While  my  folution  ftill  retained  fome  traces  of  iron, 
which  I  eafily  perceived  either  by  the  reddilTi  colour  or  by 
the  gallic  acid,  I  again  evaporated  the  liquor  to  drynefs,  or 
I  added  a  drop  of  ammonia,  and  the  iron  was  then  precipi¬ 
tated  under  the  form  of  yellowilh  flakes,  which  I  feparated 
by  the  filter. 

To  feparate  the  iron  from  the  filex,  I  boiled  the  mixture 
in  muriatic  acid  a  little  concentrated  ;  [  then  diluted  the 
folution  with  water,  and  made  it  pafs  through  the  filter,  in. 
order  that  I  might  collect  the  filex,  and  wafh  it  till  it  was  no 
longer  precipitated  by  ammonia. 

In  regard  to  the  new  earth  dififolved  in  nitric  acid,  it  will 
be  fnffieient  if  it  be  pure  to  precipitate  it  by  ammonia,  and 
to  wafh  it  to  obtain  it  feparate ;  but  having  learned,  by  pre¬ 
liminary  trials,  that  in  this  ftate  it  is  mixed  with  fmall  quan¬ 
tities  of  lime  and  magnefia,  I  was  obliged  to  employ  fome 
farther  means  for  accamplifhing  that  end. 


'  I  never- 
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I  neverthelefs  began  to  precipitate  it  by  means  of  ammo¬ 
nia,  which  does  not  precipitate  lime.  I  then  poured  into 
the  liquor,  united  to  the  w  a  things  of  the  precipitate,  (ome 
drops  of  a  foliation  of  common  carbonat  of  potafh,  and  I 
obtained  the  lime  combined  with  the  carbonic  acid,  I  re¬ 
did  olved,  for  the  third  time,  in  nitric  acid,  the  earth  mixed 
with  the  oxyd  of  manganefe,  and  added,  in  fmall  quantities 
at  a  time,  a  foliation  of  hydro-fulphuret  of  potafh,  in  order 
that  I  might  precipitate  only  the  metallic  parts,  which,  with 
a  little  attention,  I  was  able  to  effect. 

I  had  then  the  earth  alone,  fo  that  nothing  was  neceffary 
to  obtain  it  pure  but  to  precipitate  it  by  ammonia. 

Arialyjis  of  the  Gadolinite  by  Votajh. 

I  ftill  employed  another  method,  which  alfo  fuccceded,  to 
feparate  the  different  elements  which  conftitute  the  gadoli¬ 
nite:  it  confifls  in  'fufing  it  with  two  parts  of  cauftic  pot- 
a-fh,  walking  (he  tnafs  with  boiling  water,  and  filtering  the 
liquor,  which  has  a  beautiful  green  colour. 

In  evaporating  this  liquor,  the  manganefe,  which  gave  it 
its  colour,  was  gradually  precipitated  under  the  form  of  a 
black  powder,  which  could  be  eafily  colle&ed  by  decanting 
the  fupernatant  water. 

When  it  is  obferved  that  there  is  no  more  oxyd  of  manga¬ 
nefe,  the  liquor  muff  be  faturated  with  nitric  acid:  on  the 
other  hand,  the  fediment  muff  be  put  to  digeft  with  the  fame 
acid  much  diluted  with  water:  by  thefe  means  the  earth 
alone  diffolves,  producing  a  great  deal  of  heat;  and  the  filex; 
and  the  iron  too  much  oxydated,  do  not  diffolve. 

This  folution  with  the  above  liquor,  faturated  with  nitric 
acid,  muff  be  evaporated  to  drynefs,  in  order  that  if  any  parts 
of  iron  and  filex  have  remained  they  maybe  feparated  :  in  other 
refpedls  the  procefs  is  the  fame  as  before.  The  latter  has 
the  advantage  of  feparating  the  manganefe  from  the  other 
principles,  and  of  rendering  unneceffary  an  operation  the 
fuccefs  of  which  is  difficult,  . 

The  gadolinite  might  alfo,  rigoroufiy  fpeaking,  be  ana- 
}y fed  bv  diredlly  attacking  it  by  the  fulphuric.  and  muriatic 

acids  :  but  as  thefe  acids  diffolve  at  the  fame  time,  and 
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without  diuincfion,  ail  the  elements  which  compofe  this 
hone,  a  hydro-fulphuret  mult  be  employed  to  feparate  the 
metals;  and  the  juft  management  of  this  operation  is  diffi¬ 
cult,  hecaufe  the  new  earth  is  precipitated  by  an  excels  of 
the  re-agent. 

By  the  help  of  thofe  means,  which  I  have  briefly  explained, 
I  was  able  to  dilcover  and  feparate  the  fubftances  which 
enter  into  the  compolition  of  the  ftone  called  gadolin’ite. 
1  hefe  lubftances  are  fflex,  black  oxydof  iron,  lime,  oxyd  of 
manganele,  and  the  peculiar  earth  to  which  M.  Ekeberg 
has.  gi  ven  the  name  of  Yttria . 

The  proportions  in  which  they  are  found  are  as  follow :  . 


I  ft, 

Silex  —  — 

25' 

nA 

wU, 

Oxvdofiron 

0 

25 

3d> 

Oxyd  ol  manganefe  — 

■2 

4th, 

Li  trie  —  — 

2 

5th» 

The  new  earth,  or  Yttria 

35 

89-5 
Lofs  io'5 

Thefe  10*5  form  the  fmalleft  lols  I  experienced  in  the  dif¬ 
ferent  analyfes  I  tirade;  for  I  thought  it  neceflary  to  employ, 
in  conftruhting  this  table,  the  greateft  quantities  of  each  of 
the  matters  obiained  by  either  of  the  proeeftes. 

I  at  ffrft  thought  that  this  lofs  arofe  from  fome  alkaline 
fubftances,  as  is  the  cafe  in  feveral  kinds  of  ftone;  but,  hav¬ 
ing  treated  100  parts  by  fulphuric  acid,  I  aflured  mylelf  that 
it  arofe  from  another  caufe ;  for,  having  precipitated  by  am¬ 
monia  all  the  earthy  and  metallic  matters  diflblved  in  the 
fulphuric  acid,  and  having  brought  to  a  red  heat  the  fait 
produced  by  evaporating  the  liquor  to  dryneft,  there  remained 
nothing  in  the  crucible  but  a  little  iulphat  of  lime. 

As  I  fufpebted  that  this  was  occafioned  by  fome  volatile 
fubftance,  1  heated,  in  a  platina  crucible,  100  parts  of  the 
ftone  reduced  to  powder,  and  found  that  it  had  decreafed 
eight  parts,  and  that  the  remainder  had  aflumed  a  yellowifh 
colour. 

The  flight  effervefcence  which  I  had  always  remarked 

4  when 


when  the  Aone  was  diffolved  in  acids,  induced  me  to  ima. « 
gine  that  one  part  at  lead  of  the  deficit  was  owing  to  the  car¬ 
bonic  acid. 

To  aflure  myfelf  of  it,  I  introduced  into  a  fmall  phial 
ioo  parts  of  the  matter  in  powder,  and,  after  preparing  a 
glafs  tube,  deflined  to  convey  the  gas  into  the  lime-water,  I 
poured  into  it  fulphuric  acid  diluted  with  a  certain  quantity 
of  water;  a  fwcl  ling  up  and  heat  were  produced,  and  fome 
air-bubbles  palTed  into  the  lime-water,  by  which  it  was  ren¬ 
dered  turbid  ;  but  the  quantity  of  the.  precipitate  was  fo 
fmall,  that  it  was  impofiible  for  me  to  meafure  it.  As  the 
fpace,  indeed,  in  the  veffels  which  remained  empty  was  fo 
great,  it  is  probable  the  greater  part  of  the  carbonic  acid  re¬ 
mained  in  it. 

But  this  experiment  fufficiently  proved  to  me  that  the  10*5 
of  lofs  belonged  not  merely  to  the  carbonic  acid  ;  for,  though 
the  fpace  furnifhed  by  my  veffels  was  pretty  conflderable,  it 
would  not  have  been  capable  of  retaining  it,  and  I  fhould 
alfo  have  obtained  a  greater  quantity  of  calcareous  precipitate. 
In  the  hope  of  finding  fome  other  fubftance,  which,  with 
carbonic  acid,  might  contribute  to  form  this  lofs,  I  put  100 
parts  in  a  retort  of  luted  glafs,  to  which  I  adapted  a  fmall 
receiver,  and  I  expofed  it  to  a  ftrong  heat.  There  appeared 
in  the  neck  of  the  retort,  and  even  in  the  bottle,  fome  fmall 
drops  of  water,  the  quantity  of  which  was  fo  fmall  that  I 
could  not  weigh  it.  But  the  matter  taken  from  the  retort 
weighed  no  more  than  91  parts.  Thus  it  appeared  to  me 
that  the  lofs  which  I  experienced  in  my  analyfes  is  chiefly 
©wins;  to  water  and  carbonic  acid. 

O 

Having;  given  the  moft  remarkable  chara&ers  of  the  foffil 

O  D 

called  gadulinite ,  and  the  proceffes  which  appeared  to  me 
belt  adapted  for  feparating  its  principles,  I  {halt  now  briefly 
explain  fome  of  the  properties  exhibited  by  the  new  earth 
extracted  from  it. 

1  ft,  It  is  perfectly  white  ;  but  it  is  pretty  difficult  to  ob  - 
tain  it  in  that  ft  ate  on  account  of  the  oxvd  of  inantranefe, 
winch  follows  it  in  a  I  mo  A  all  its  combinations. 

sd,  It  has  neither  favour  nor  fmelh 
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^  iS  uot  fufible  alone,  but  with  borax  it  forms  a  white 
glafs,  which  is  tranf  parent  when  it  has  not  been  added  in 
fexccfs. 

4th^  It  is  not  fenfibly  foluble  in  cauftic  fixed  alkalies:  in 
ibis  it  is  different  from  alumine  and  glucina,  which  combine 
with  thefe  very  eafily  and  in  lar«;e  quantity. 

5th^  It  is  foluble  in  the  carbonat  of  ammonia,  but  five  or 
fix  times  lefs  fo  than  glucina ;  that  is  to  fay,  five  or  fix  times 
nlore  carbonat  of  ammonia  is  required  to  diffolve  an  equal 
quantity  of  yttria. 

<5th,  It  combines  rapidly  with  the  fnlpburic  acid,  and  pro¬ 
duces  heat  in  proportion  as  the  union  is  effected  :  the  fait 
thence  refulting  cryftallifes  in  for  all  brilliant  grains  little  fo¬ 
luble  in  water :  it  appeared  to  me  that  fnore  than  fifty  parts 
Of  cold  water  were  neceffary  to  diffolve  it,  efpecially  when 
hot  accompanied  with  an  excels  .of  acid.  It  has  a  tafte  at 
fi'rft  aftringent,  arid  afterwards  fweet,  like  fugar  or  fait  of  lead. 
This  property,  though  analogous  to  that  of  glucina,  is,  how¬ 
ever,  fo  fenfibly  different  from  it,  that  by  comparing  them 
they  may  be  eafily  diftinguifhed. 

yth.  Its  combination  with  the  nitric  acid  has  a  more 
ftriking  favour^  but  it  produces  in  the  mouth  an  effect  of 
the  fame  nature :  it  cryftallifes  only  with  difficulty,  and  its 
affinity  for  water  is  fo  great,  that  it  requires  feme  trouble  to' 
dry  it.  During  this  operation,  if  it  be  expofed  to  too  much 
heat,  inftead  of  becoming  folid,  like  the  greater  part  of  the 
falls,  it  grows  foft,  and  afllimes  the  appearance  of  thick 
tranfparent  honey ;  by  cooling,  it  becomes  hard  and  brittle 
like  a  ftone;  when  expofed  to  the  air,  it  attracts  the  moifture 
of  it,  and  becomes  foft. 

The  fulphuric  acid,  poured  into  a  folution  of  the  nitrat  of 
yttria,  forms  in  it  a  cryftalline  precipitate,  which  is  a  fulphat 
of  the  fame  earth. 

8th,  The  combination  of  this  earth  with  the  muriatic  acid 
exhibits  nearly  the  fame  phenomena,  in  the  feveral  experi¬ 
ments  I  made,  as  the  nitrat  above  examined  :  like  the  nitrat 
it  can  be  dried  with  difficulty,  it  is  fufible  by  a  gentle  heat, 
and  ftrongly  attracts  the  moifture  of  the  atmofphere. 

9th>  Ammonia  precipitates  yttria  earth  from  the  three 
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combinations  above  mentioned ;  lime  and  barytes  product 
much  more  fenfiblv  the  fame  e  fie  cl. 

j 

iotn,  The  oxalic  acid,  and  confequently  the  oxalat  ot 
ammonia,  form  in  its  folutions  precipitates  which  have  an 
appearance  abfolutely  fimilar  to  that  of  the  muriat  of  lilvet: 
glucina  with  the  oxalic  acid  forms  a  very  foluble  fait — -a  new- 
difference  between  thefe  two  earths. 

nth,  Prnffiat  of  potafh  cryftallifed  and  re-difibHed  in 
water  occafions,  in  the  folutions  of  this  earth  by  acids,  a  white- 
granulated  depofit ;  but  this  is  not  the  cafe  in  folutions  of 
glucina. 

I2th,  The  phofphoric  acid  does  not  precipitate  it  from 
the  other  acids,  but  the  phofphat  of  Coda  feparates  it  under 
the  form  of  gelatinous  white  flakes. 

13th,  It  appears  to  me  that  it  has  more  affinity  for,  at 
lea  ft,  fome  of  the  acids,  than  glucina  has. 

14th,  It  precipitates  an  infufion  of  gall-nuts  in  brown 
flakes.  , 

From  what  I  have  faid,  a  great  number  of  analogies  mav 
without  doubt  be  obferved  between  this  earth  and  glucina 
hut,  at  the  fame  time,  there  appear  differences  which  do  not 
permit  us  to  confound  thefe  two  earths.  Thefe  differences 
chiefly  are,  the  infolubility  of  the  yttria  and  the  folubility  of 
glucina  in  fixed  cauftic  alkalies  ;  the  little  folubility  of  the 
ful ph at  of  the  yttria,.  and  the  great  folubility  of  glucina,  in 
the  fulphuric  acid  j'  the  difficult  folubility  of  yttria,  and  the 
ready  folubility  of  glucina,  in  csrbonat  of  ammonia  ;  the 
precipitation  of  yttria,  and  non-precipitation  of  glucina,  from 
their  folutions  by  oxalic  acid  and  the  pruffiat  of  potafh. 

Here  then  we  have  nine  kind's  of  earth  very  diftindt  by  the 
properties  peculiar  to  each  :  foon,  no  doubt,  we  (hall  reckon 
ten,  if,  as  we  have  reafon  to  prefage  from  the  accuracy  of 
M.  Tromfdorf,  the  exiftence  of  that  which  he  has  lately  an¬ 
nounced  under  the  name  of  augujl ,  in  the  Saxon  beryl,  be 
realifed. 

Thefe  earths  will  increafe  in  a  wonderful  manner  the 
number  of  the  faline  combinations,  which  are  already  very 
eonfiderable,  and  will  furnifh  to  chemifts  a  multitude  of  new 
properties  to  be  ftudied.  It  is  to  be  wiflied  that  they  may 
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find  fome  qf  them  applicable  to  the  arts,  in  order  that  thefe 
difcoveries  may  not  remain  altogether  ufelefs.  It  is  to  be 
wifhed  allq,  when  the  properties  qf  this  new  earth  {hall  bp 
better  known,  that  chemifts  may  give  themfelves  the  trouble 
to  change  the  name  cf  yttria,  by  which  it  is  now  known,  and 
which  is  derived  from  Ytterley,  the  nlace  where  it  is  found, 
that  another  derived  from  its  eflential  properties  may  be  given 
to  it. 

I  fliall  conclude  with  remarking  the  great  difference  be¬ 
tween  the  refult  of  M.  Ekeberg’s  analyfis  and  mine.  I  do 
not  know  exactly  to  what  it  is  owing,  but  I  can  affert  that, 
i,n  five  analyfes  which  I  made  of  this  done  by  different  pro- 
ceffes,  I  never  had  lei's  than  12  of  lofs.  I  prefume  that  a 
certain  quantity  of  inoiduxe,  and  perhaps -carbonic  acid,  re¬ 
mained  in  the  new  earth  .obtained  .by  M.  Ekeberg,  for  it  is 
chiefly  in  this  point  that  we  differ.  He  found  47.5,  and  J 
only  from  34  to  33,  becaufe  I  calcined  it  more  ftrongly. 
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NEW  PUBLICATIONS. 

A  Manned  qf  a  Courfe  of  ChemiJhy ;  .or,  a  Series  qf  Experi¬ 
ments  and  Illujlr  actions  necejfary  to  form  a  complete  Courje 
of  that  Science.  By  J.  B.  Bouillon  Lagrange, 
Profe/Jbr  in  the  Central  Schools  qf  Paris ,  &c.  Tranflated 
from  the  French,  with  17  Plates.  2  Vols.  18  Shillings. 
Cuthel,  and  Vernor  and  Hood,  1800, 

[Continued  from  Page  282.] 

IN  our  la  ft  we  announced  the  publication  of  this  ufeful 
work,  and  promifed  a  few  extracts.  We  now  fubjoin  the 
following. 

Citric  Acid  [Concrete  juice  qf  lemons], 

Scheele  was  the  fir  ft  perfon  who  found  means  to  obtain 
the  citric  acid  cryftallized,  and  well  feparated  from  the  mu¬ 
cilage,  which  accompanies  it  in  the  juices  of  thofe  fruits  that 
furnifh  it. 

The  procefs  fqr  obtaining  this  acid,  according  to  that  che~ 
$i;iff,  is  as  follows  :  Exprcfs  the  juice  of  lemons,  and  leave  it 
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at  reft  for  twenty-four  hours,  to  favour  the  reparation  of  the 
mucilage  ;  then  filter  it  through  paper,  and  faturate  it  with 
a  quantity  of  the  carbonate  of  lime.  The  citrate  of  lime? 
which  remits  from  this  fa tu ration,  being  infoluble,  is  preci¬ 
pitated  to  the  bottom  of  the  liquor :  when  this  depofit  is  well 
formed,  draw  off  the  fupernatant  liquor,  and  wafh  the  preci¬ 
pitate  until  it  becomes  infipid  and  exceedingly  white  ;  then 
decompofe  this  fait  by  the  help  of  a  gentle  heat,  with  half  its 
weight  of  fujphuric  acid,  diluted  with  fix  parts  of  water;  the 
fulphuric  acid  takes  the  lime  from  the  citric  acid;  the  greater 
part  of  the  fulphate  of  lime  formed  is  precipitated,  and  the 
citric  acid  remains  free  in  the  water.  This  acid  may  be 
obtained  under  a  crydalline  form,  by  evaporating  it  to  the 
confidence  of  clear  fyrup,  and  then  differing  it  to  cool. 

Dize,  who  made  fevcral  experiments  on  this  fubjedt,  found 
that  an  excefs  of  fulphuric  acjd  was  neceffary  to  deftroy  the 
portion  of  mucilage,  which  the  acid  obftinately  retains  in  its 
combination  with  the  lime,  and  w'hich  oppofes  its  cryftalli- 
zation.  He  obferved  alfo,  that  to  obtain  the  citric  acid  per¬ 
fectly  pure,  it  was  neceffary  to  diffolve  it,  and  to  caufe  it  tq 
eryftallize  feveral  times. 

The  cryftals  obtained  by  Dize  >vere  rhomboidal  prifms, 
having  their  planes  inclined  to  each  other  at  angles  of  about 
do  or  120  degrees,  and  terminated  on  each  fide  by  fummits 
with  four  faces,  which  intercepted  the  (olid  angles. 

One  part  of  diddled  water  at  the  temperature  of  ten  de¬ 
grees,  according  to  this  author,  diffolves  1*25  of  crydallized 
citric  acid,  and,  during  the  dilution,  cold  equal  to  13  degrees 
(290  F.)  is  produced. 

This  acid  reddens  blue  vegetable  colours  :  when  expofed 
to  the  fire  in  clofe  yedfels,  with  a  pneumatic  apparatus,  it  is 
decompofed ;  an  acid  phlegm,  carbonic  acid  gas,  and  carbo¬ 
nated  hydrogen  gas,  are  obtained  from  it  :  and  a  little  char¬ 
coal  remains. 

Its  cry  dais  effiorefee  in  the  air. 

An  agreeable  lemonade  may  be  prepared  with  this  acid  s 
for  this  purpofe  Dize  propofes  about  half  a  dram  of  the  acid 
diffolved  in  about  two  pounds  of  water,  and  a  fufficient 
quantity  of  fugar  and  oleof accharum ,  made  with  lemon  peek 
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if  a  bit  of  fugar  be  rubbed  againfi  a  piece  of  orange  or 
lemon-peel,  it  will  imbibe  the  volatile  oil,  and  form  an  oleo¬ 
saccharum,  foluble  in  water,  and  exceedingly  proper  for  ren- 
dering  pertain  liquors  aromatic. 

[To  be  continued.] 


Mr.  Blair,  of  the  Lock  Hofpital  and  Finfbury  Difpen- 
fary,  affifted  by  feveral  other  refpeCtable  furgeons,  has  been 
Some  time  engaged  in  writing  a  com  prehen  five  Syjlem  of  me-, 
dical  and  operative  Surgery ,  adapted  to  the  prefent  improved 
practice  at  the  London  Hofpital  s,  & c. 


Mr.  William  Henry,  of  Manchefier,  has  in  the  prefs, 
and  in  confiderable  forwardnefs,  a  fmall  work,  intended, 
partly,  to  facilitate  the  acquirement  of  chemical  knowledge, 
to  perfons  entering  on  the  fludv,  without  the  benefit  of  an 
inftruCtor ;  and,  partly,  as  a  pocket  companion,  for  the  ufe 
of  more  advanced  fiudents.  The  firft  part  will  contain  di¬ 
rections  refpeCting  the  belt  mode  of  fiudying  chemifiry; 
and  alfo,  an  arranged  feries  of  experiments,  necefiary  to  be 
performed  by  thofe  who  intend  to  become  acquainted,  by 
aCtual  obfervation,  with  the  chemical  properties  and  habi¬ 
tudes  of  bodies.  More  minute  directions  will  be  given,  for 
conducting  thefe  experiments  with  fuccefs,  than  are  to  be 
found  in  other  elementary  books.  The  fecond  part  will 
comprife  fummary  inftruCtions  refpeCting  the  analyfis  of 
mineral  waters,  and  of  mineral  bodies  in  general :  and  the 
third  part  will  point  out  fome  of  the  ufeful  applications  of 
chemical  agents,  in  detecting  adulterations,  in  difeovering 
poifons,  &c.  The  work  will  form  one  fmall  pocket  volume; 
and  it  may  be  proper  tc^obferve,  that  it  will  not  at  all  inter¬ 
fere  with  the  excellent  little  manual,  lately  publifhed  by  Mr. 
Parkinfon,  the  plan  ajjd  objects  of  which  are  perfectly  dif¬ 
ferent. 
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M  I  S  C  E  L  l  A  N  E  O  U  S  ARTICLE  S, 


ROYAL  SOCIETY  OF  LONDON, 

rp 

JL  O  our  prefent  number  we  have  prefixed  a  ft r iking  likev 
jiefs  of  the  Right  Hon.  and  learned  Proficient  of  this  Society, 
a  gentleman  whofe  unwearied  zeal  and  princely  liberality  in 
promoting  every  thing  that  can  advance  feienee  or  add  to  the 
comforts  of  mankind,  place  him  far  above  any  eulogy  in  our 
power  to  bellow.  We  only  fpeak  the  fentiment  of  the  whole 
philofophical  world,  when  we  exprefs  our  ardent  with  that  he 
may  long  continue  to  prefide  over  that  learned  Body,  to 
which  the  world  owes  lb  many  difcoveri.es,  and  which  has 
made  fuch  rapid  advances  finee  this  Right  Hon.  Gentleman 
was  called  to  the  chair  he  fo  ably  fills. 

On  the  8th  of  January  the  Society  met  for  the  fir  ft  time 
fince  the  Chriftrnas  recefs,  when  the  conclufion  of  Doctor 
Young's  paper  on  the  meehanifm  of  the  eye  was  read. 

An  appendix  by  Dr.  Herfehel,  to  his  paper  on  the  power 
of  penetrating  fpaee  by  means  of  telefeopes,  was  read.  The 
means  .extend  fo  far  as  to  difeover  nebuke,  the  light  of 
which,  according  to  the  velocity  uferibed  to  that  fluid,  muft 
have  been  one  million  nine  hundred  ^nd  ten  thouiand  years 
coming;  to  this  earth  ! 

O  i 

A  paper  on  impoffible  quantities,  by  Mr.  Woodhoufe, 
was  read  the  fame  evening. 

Jan.  15,  a  letter  by  Mr.  William  Play  was  read,  giving 
an  account  of  ..a  {hip  fpringmg  a  leak  in  the  Indian  feas. 
The  water,  which  gained  fo  fall  as  to  render  it  impoffible, 
by  pumps  and  the  ufual  means,  to  prevent  the  {hip  from 
linking,  was  fortunately  flopped  by  pouring  rice  into  that 
part  of  the  {hip.  The  rice  in  four  days  diflblved,  and  in 
about  eight  days  after  became  fo  hard  that  with  difficulty 
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it  could  be  chifeled  out  when  the  fliip  carne  Into  port.  The 
author  ftates,  that  the  fame  means  have  been  tried  at  other 
times,  but  not  with  the  fame  fuecefs,  and  furmifes  that  heat 
is  neceftary. 

On  the  22d’  was  read  a  paper  on  the  production  of  cold, 
by  means  of  muriat  of  lime,  by  Mr.  Walker. 

The  drft  conful  of  France  tranfmitted  to  the  Society 

Voyage  autour  du  Monde,  par  C.  E.  Marchand,”  4  tom. 
molt  handfomely  bound.  The  thanks  of  the  Society-  were 
ordered  to  be  returned  to  the  iirft  conful  of  France  for  this 
prefen  t. 


METEOROLOGY. 

The  following  particulars  refpcCling  the  ftonn  on  the  9th 
of ’November,  furnilhed  by  an  intelligent  correfpondent,  can¬ 
not  but  prove  interefting  to  feme  of  our  readers  : 

The  preceding  night  had  been  ftormy,  with  torrents  of  rain. 
At  9  A.  M.  wind  abated  and  rain  over.  Thermometer  55°. 
Barometer,  defcending  inch  per  hour,  gave  evident  intima¬ 
tion  of  the  event.  About  noon  it  had  arrived  at  its  lowed  point, 
having  dropped  from  29,9  to  28,5  dnce  the  morning  of  the 
fixth.  At  this  time  it  was  cloudy  and  nearly  calm,  when  the 
wind  veered  to  the  northward,  and  in  a  few  minutes  blew  from 
north-weft  with  .aft  oni  filing  violence  for  about  an  hour.  The 
quickfilver,  which  had  fcarcely  become  ftationary,  as  fud-. 
denly  changed  its  direction,  and  continued  to  rife  at  the  rate 
of  To  per  hour  the  whole  afternoon.  It  became  ftationary 
at  29,7,  with  a  hoar-froft  in  the  morning.  The  index-hand 
of  an  excellent  wheel  barometer,  fixed  againft  a  folid  wall, 
wras  obfervcd  to  librate  continually  during  this  rapid  afeent, 
retreating  about  and  then  advancing  a  little  more.  In 
the  fpace  of  about  fix  hours,  on  this  occafion,  the  atmofphere 
palfed  through  near  one-half  of  its  total  variation  of  gravity, 
which  would  require,  in  its  ordinary  courfe  hi  this  country, 
about  as  many  days. 

This  impetuous  irruption  of  dcnfe  air  from  the  northern 
regions  was  probable  occalioned  by  the  hidden  rarefaction 
eonfequent  upon  a  general  precipitation  ot  that  water  which 
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during  the  preceding  four  weeks  had  been  accumulating  rti 
the  atmofphere  in  a  di'fToIved  date.  The  lofs,  in  a  certain: 
(pace  of  atmofphere,  of  fo  great  a  quantity  of  el  a  flic  fluid/ 
and  the  operation  of  its  difengaged  caloric  on  the  remainder, 
•ivill  at  once  account  for  the  effect  to  thofe  who  are  acquainted 
Xvith  pneumatics. 

THE  NEW  ALKALI. 

'■  x  , 

In  ourlafc  (p.  291)  we  mentioned  that  a  Mr.  Hahneman, 
6f  Altona,  had  announced  the  difeovery  of  a  new  alkali,  to 
which  he  gave  the  name  of  pneum ,  from  its  property  of 
(welling  by  heat  to  twenty  times  its  original  volume.  Both 
Klaproth  and  Hermbftadt  have  lately  examined  this  alkali, 
and  found  it  to  confifl  of  nothing  but  boraxi 

O 

ALKALINE  PRfcSSIAT. 

Dr.  A.  N.  Scherer  has  (in  his  journal)  recommended  t6' 
ehemifls  to  take  up  the  idea  fuggefted  By  Scheele,  and  to 
endeavour,  by  following  the  hint  given  by  that  author,  to 
produce  a  perfectly  pure  alkaline  pruffiat.  Scheele  Hates 
that  pruffiat  of  mercury  is  perfectly  free  from  iron,  and  that, 
were  a  combination  of  that  kind  decompofed  by  an  alkali, 
the  refult  would  certainly  be  pruffiat  of  alkali  entirely  free 
from  iron.  ’ 

A  NEW  EARTH. 

The  particular  properties  of  a  new  fpecies  of  earth  called 
Yitria ,  of  which  an  account  was  given  by  Ekeberg  in  the 
third  volume  of  Scherer’s  journal,  have  been  confirmed  by 
Klaproth,  who  lately  read  a  paper  on  this  fubjedf  at  the 
Koval  Academy  of  Berlin.  Vauquelin  has  alfo  analyfed  the 
Hone  which  produces  this  earth. — See  his  Memoir  on  this 
fub fiance  in  the  prefent  number,  p.  366. 

CHEMICAL  EXPERIMENTS  ON  THE  MATTER  OP 

BLACK  VOMIT. 

A  memoir  on  the  analyfis  of  black  vomit,  by  Dr.-  Cathrall, 
was  read  before  the  American  Philofophieal  Society  at  Phila¬ 
delphia,  on  June  20,  1806.  This  is  a  very  interefting  and 
iniirucfive  piper.  The  experienced  and  intrepid  author  has 
given  a  description  of  the  black  vomit,  has  analyfed  the  fluids 
eje£ted  a  few  hours  before  the  commencement  of  black  vo« 
3  miting* 
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miting,  and  exhibited  a  fet  of  experiments  on  the  matter  of 
black  vomit  itfelf :  to  which  he  has  added,  experiments  to 
afcertain  the  effects  of  black  vomit  on  the  living  fyftem  of 
man  and  other  animals,  and  a  fvnoptis  of  the  opinions  of 
authors  concerning  its  formation  and  qualities.  The  expe¬ 
riments  {how  that  this  lingular  morbid  excretion  contains  an 
acid,  which  is  neither  carbonic,  phofphoric,  nor  fulphuric  5 
and,  what  our  readers  will  hardly  expe£t,  that  the  black 
vomit  may  be  fmelled,  tafted,  and  fwallowed,  without  in* 
ducing  yellow  fever,  or  even  any  licknefs  at  all :  fo  little  in¬ 
fection  or  contagion  does  it  feem  to  contain  !  He  concludes 
it  to  be  an  altered  fecretion  from  the  liver* 

TETANUS  CURED  BY  THE  COED  BATH  : 

Communicated  in  a  Better  to  Dr.  R*  H.  Archer,  of  Baltic 

more ,  by  Dr.  William  Harris,  of  Pennfylvania*. 

In  the  autumn  of  1799,  I  vifited  a  labourer,  about  thirty 
years  of  age,  of  a  {lender  make,  but  healthy,  who  was  fuddenly 
feized,  whilft  in  bed,  with  fpalins  in  his  lower  extremities, 
which  ihortly  after  aS'eCted  his  whole  fyftem,  but  particularly 
his  ftomach,  which  was  drawn  in  a  hard  lump,  and  protruded 
to  a  confiderahle  diftance.  His  pains  were  excruciating.  He 
had  a  violent  vomiting  and  purging,  which  came  on  an  hour 
after  feizure,  and  continued  about  two  hours.  At  one  time 
he  had  ernprofthotonos,  at  another  opifthotonos,  to  the 
greateft  degree,  and  fometimes  complete  tetanus.  The 
mufcles  of  his  face  were  drawn  in  every  direction,  and  de¬ 
glutition  entirely  impeded.  His  pulfe  varied  much,  but  was 
generally  feeble.  He  could  affign  no  caufe  for  the  attack. 
I  bled  him,  put  him  in  the  warm  bath,  and  ufed  all  the  re¬ 
medies  laid  down  bv  medical  wrriters,  but  without  any  mi¬ 
tigation  of  his  pains,  or  relief  to  his  fpafms. 

At  this  time,  which  was  twenty  hours  after  the  attack, 
when  the  cold  fweat  of  death  appeared  to  be  upon  him,  his 
tongue  had  refufed  its  office,  his  eyes  funk,  having  a  glafly 
appearance,  and  his  exit  was  every  moment  expected,  it  oc¬ 
curred  to  me  that  the  cold  bath  might  have  a  good  effect ; 
and,  after  confulting  his  friends,  who  readily  acquiefced,  I 

*  Medical  Rtpofitory,  vol.  iv.  p.  76. 
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had  him,  in  this  ftate,  carried  in  a  blanket  to  a  forge-darri 
which  was  at  hand,  and  plunged  in.  He  was  then  infenfible. 
His  fpafms  immediately  abated,  and,  in  twenty  minutes,  to¬ 
tally  ceafed.  The  debility  induced  by  mufcular  exertion  was 
fuch  that  it  required  feveral  days  before  he  could  be  removed  5 
after  which  he  rapidly  recovered,  and  is  at  this  time  perfectly 
well. 

This  was  a  complete  tetanus ;  and,  I  think,  tetanus  from 
wounds,  &c.  would  yield  to  the  fame  mode  of  treatment. 

t  .•  jj 

TREATMENT  OF  LOCKED-JAW  BY  ELECTRICITY. 

Dr.  Samuel  Perry,  of  New-Bedford  [America] ,  has  com¬ 
municated  to  the  public  the  fuccefsful  refult  of  two  experi¬ 
ments,  in  curing  the  locked -jaw  by  means  of  eledlricity. 
Previous  to  the  application  of  the  electrical  fluid,  recourfe 
had  been  had  to  bleeding,  cathartics,  antifpafmodics,  the 
warm  bath,  and  opium  applied  internally  and  externally, 
without  the  lead:  effeCt  in  either  cafe.  But  a  fmall  receiver 
beino;  filled,  and  difcharged  through  the  jaws  of  the  perfons 
affeCted,  they  flew  open  inftantaneoufly.  In  one  cafe  the 
complaint  was  entirely  removed  by  three  fhocks  ;  in  the 
other,  by^n  occafional  {hock  for  a  few  days.  Both  the 
patients  were  flrong  and  healthy  perfons,  the  one  a  man  and 
the  other  a  woman,  and  the  mode  of  treating  them  had  been 
hmilar. 

Dr.  Pearson’s  LeCtures  on  the  Materia  Medica,  Practice 
of  Phyfic  and  Chemiftry,  will  recommence  at  the  Elaboratory^ 
Whitcomb- flreet,  Leicefter-fquare,  on  Tuefday,  February  3^ 
at  eight  in  the  morning. 
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Page  8,  line  12,  for  rubbed  out,  read  oiled  out* 
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